A LUBRI CATING O L ADDI TI VE COVPCSI TI ON AND METHOD OF MAKI NG THE SAME FI ELD
CF THE INVENTION 5 The present invention is directed to an inproved

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

al so directed to the process of nmaking the sane. BACKGROUND OF THE

FNVENTION 10 It is kno it [iyar i rsants and/ or
detergents in the f%fﬁﬁéﬁWI%#@gﬁﬁﬁgﬂ#@%ﬁggﬂ@?w Many of the
known di spersant/detergent MEPHODORNAKBSE€M R SAMEr eaction of an

al kenyl succinic acid or anhydride with an am ne or polyam ne to produce an
al kenyl succi ni m de or an al kenyl succinam c acid 15 as detern ned by

sel ected conditions of reactiongng PRireR ARG TSNt he | ubri cant

manuf acturer is dispersancy of p‘aTTT'Cg&FI"aT‘e_I’TBTTFI’—I"ﬁ i nternal conbustion
‘engines. SFailure to have adequate particulate matter dispersancy nmay

result in filter plugging, .sl.udge. accumul ati.on, and oj.l.thickenjing. 20
DESCR! PTI O CFICTpBSeRERXaRioniRdiTesied Byanimpro\gdalisneripat Aty comppsitign that

di scl oses a |yhgdLiplehfide 8ilY; HATNQ2Ish dRRctbA @ the PPITRES S&Ral@ndRieQEmamunt  of
an oil of lubricating viscosity; and a m nor anfount of a sSynergistic
“conbi nation of an anti oxi dant-di spersant additive and a.di spersant 25
additive, said conbination ¥ ':1. .,..‘, At yl ene succini m de
(PIBSAD) and (ii) an ethyl eRe=propytetie-Stuccrtit tri-te PSAD). Nal esni k,

U S. Patagt No. 5,139,688, discloses an additive conposition conprising an
oxi di zed et hyl ene copol yner or terpolymer of a C3-Cl0 al pha-nonool efin and,
30 opti onal | Vit isdiemnde ginplptdogenaeatagring dispersanimprdiotdetergedniniBact ed with

~a formal dehygle, GORRPSEbANT Y ol Lo RPoSELAS MA T SR Y AP IGrTALRAKAA . |

compounds are based on the reaction of an alkenylsuccinic acid or anhydride with an

amine or polyamine to produce an alkenylsuccinimide or an alkenyl succinamic acid
15 asdetermined by selected conditions of reaction. One problem facing the lubricant

manufacturer is dispersancy of particulate matter in internal combustion engines.

Failure to have adequate particulate matter dispersancy may result in filter plugging,

sludge accumulation, and oil thickening.

20 DESCRIPTION OF THE RELATED ART

Liu et al., U.S. Patent No. 6,117,825, discloses a lubricating 0il composition that
comprises a major amount of an oil of lubricating viscosity; and a minor amount of a
synergistic combination of an antioxidant-dispersant additive and a dispersant

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

| and (i1) an ethylene-propylene succinimide (LEPSAD).

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

formaldehyde compound and with an amino-aromatic polyamine compound.




GQunther et al., U S Patent No. 6,512,055, discloses a copolyner obtained by

~ free radical copolynerization of at |east one nonoethyl enically unsaturated
C4 -C6 dicarboxylic acid or anhydride thereof, an oligoner, and one

nonoet hyl eni cal |y unsaturated conpound. 5 Gunther et al., U S Patent No.

6, 284, 716, di i in hlne€0 1L LS | ubri cant

oil and a co'pgr%ﬁeélfagg’tgf%%&%yof fg’esgb‘rogg’l dg%?@ég%%g%o@ %g%l{t?igﬁcgbgf at | east

one nonoet hyl fed mdichlcopnaicrzatiatofd 1426t shicansdvertiyldnicatig vtlsavaragdhydr i de
nonoet hyl eni cal | y, unsat ur.at ed conpound,

t hereof, an ol.igoner, and on )
wherein the 1%*‘31%&&%@?%01&8?%@“%3&@&%‘tlwoﬁﬁ’rsélﬁﬁr‘?@? Harrison et al .,
U. S. Patent l\{gongbﬂ?ﬁgﬁggg,unggtgﬁ{éasc%gﬂﬁuga_spersant terpol yner and

e

pol ysucci ni m de cornposi tions rived fromthe terpolyners. The terpolyner
is obtainéd by free radical copol ynerization of an unsaturated acidic

09T e o G gesio abe b TRl ELRERhRIAT o oo
di scl oses a |spfiprizats I19bQédnt 88 dhd E}é&p&ﬁﬂ@@&ﬁt&iﬁ@d‘by fro@kadical tHolyBaTiation

product of (i) a copolynerized olefin and unsaturated carboxylic acylating
agent nononerofigt {aastpne meanoethalepically uhsaturetsd Garles dicdarborxylicweisi arianhutdridsr epar ed

20 froman ac i ocarb substi t.uted ccinic | atin gent .and a
ol ymmina, arbicf A EGSE! B o ORI e S b e s, FREER R0 P
prepared 1oy reapelynitgisfurthed neadtef withandmadge. acyl ati ng agent under conditions

such that at least 75 nole %of the starting polyolefin is converted to
t he hydrocarbyl -substituted succinic acylating agent. 25 Harrison et al.,

U S. Patent Bl ' S I rLZl and an
unsat ur at ed gig"i‘“u%“%%g@%' Pg Féf#gmgzg%wggc |S%séz{§ &%@?Eﬁlg‘g’@gm yal kene
wth the unsaklpotsectisimidi eoniparing datived feratiecetppiypedrat ThHeasrpolynidre
presence of a s rong a%{i d.z&ﬁo Chur]g et al., US. Patent Jgos. 5,427,702 and
5.744. 429, disePBEE by freg radical gepolymerization of an unsaturated acidic reagent, a

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

Barr et al., U.S. Patent No. 5,670,462, discloses a lubricating oil additive composition
that is the reaction product of (i) a copolymerized olefin and unsaturated carboxylic
acylating agent monomer with a free radical initiator and (ii) a succinimide prepared
20 from an acyclic hydrocarbyl substituted succinic acylating agent and a polyamine
Wherein the hydrocarbyl substituted succinic acylating agent is prepared by reacting a
polyolefin and an acylating agent under conditions such that at least 75 mole % of the
starting polyolefin is converted to the hydrocarbyl-substituted succinic acylating
agent. |
25 _
Harrison et al., U.S. Patent No. 6,45 1,920, discloses copolymerizing a polyalkene and
an unsaturated acidic reagent, followed by reacting any unreacted polyalkene with the

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

30 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




derivati zed et hyl ene-al pha ol efin copolynmers, wherein functional groups are
grafted onto the copolyner. The functionalized copolynmer is mxed with at

| east. one of an 2 am ne, al cohol, including polyol, amno alcohol etc. to
formmulti-functional viscosity index inprover additive conponents.

Harrison et a c I | r.s_of
unsat ur at ed larlgil\%&chorggcg &1n$|§013§ 21%1?11%8201102%%1 g&%{%ﬁf’g}ﬁ‘;{’%ﬁ"g@ﬁﬁé’){%@m n
at | east 20% oidex h@rb@é:raﬂdmhegbmpmie@wl ar wei ght olefin conprises the

al kyl vi nyl i dene i somer which copolymers are useful as dispersants in
lubricating oils and fuels and al so may be used to prepare

pol ysucci ni m t r
o115 and fuel SrsaE B PR S R PR e P Elnhyhdly LERRRRRLD
t he preserit iasidintdaganissnd highoheldedlar weight dlefo| Mtdrﬁn at lebsti20& of e eithl

() at Teast ORBTeRE SRR Ble somop T EAEy e BRBF Wb Shreied by

free radical gepsdfiIrBdispeishas ni)fubﬁ@mrtﬁlﬁfaﬁd fﬁé@ém{d aﬁlsma EQuéea)to PhephRASt

one nonoet hyl eni cal |y unsat ur at ed nmonocar boxyl i c acid or e ter
t her eof , or mlymgnmlé@wdww@om@tedeadﬁyms vsefelrin delrsatingreilssofid, fugls)  at
| east one | -olefin conprising about 2 to 40 carbon atons or 25 at | east

one pol yol efin conprising about 4 to 360 carbon atons and having a

term nal Ifopol yneri zabl e gr ouSUMMARY OF THBINYENTION ., Vi nyl i dene or al kyl
vinylidene group or mxtures thereof; and 30 (c) at | east one nonool efin
conpound which is copolynerizable wth the nononers of (a) and (b) and is

sel ected frony,iRe,HIBURMDANTd (the BreSdnt invention is directed to an oil-soluble

lubricating oil additive composition prepared by the process which comprises reacting

15 (A) atleast one of the following copolymers:

(i) = acopolymer obtained by free radical copolymerization of components

comprising;

20 (a) at least one monoethylenically unsaturated
C3-Cyg 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

25 at least one polyolefin comprising about 4 to 360 carbon atoms
and having a terminal copolymerizable group in the form of a

vinyl, vinylidene or alkyl vinylidene group or mixtures thereof;

and

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

consisting of:




3 (1) an alkyl vinyl ether and an allyl alkyl ether where the alkyl group
i's hydroxyl, am no, dialkylamno or al koxy substituted or is
unsubstituted, and containing from about 1 to about 40 carbon atons; 5 (2)
an al kyl am ne and an N—alkylanide of a nonoethylenically unsaturated

nono- or dicarboxylic aci d from ﬁ@%ylfétﬁega&ggyguﬁgwéﬁcargég% wher e

the al kyl substituent cont al out"1to out n at ons;
(3) an N-vinyl carboxam de of car baikyllgrcummhgtdroox&l fhmam, deligldmino oo akkbeyt 8

carbon atons; 15 (4) an N-vinyl n|t en-containin
heterocyclic conpound; and (5) a?“%ﬁtétﬁ °6|‘n\aunrsu 51511%4‘-."?‘? And 6 'F“im"%fﬁﬁ“from

about 2 to about 40 carbon atonmsaut Bio ARABL0 EBoPALMG! ef i n conpri si ng 20 -
fromabout_4 to about 360 carbon atons and having a term nal

copol y.rrerliabl e group in the formof a vinyl, vinylidene or alkyl

vi nyl i dene group or m xtures,.\there .oV t.th efin enployed is
not the sane as the olefin (ezl)rpl oénegfwlr?&tm‘j?b‘fan]gfﬂiﬂaﬁ?%g t poI ymer

obt ai ned by reacting conpound (i )mar)oeﬂiyﬂlenl&db]m@ﬂdl(ateh(rﬂénd-ﬁrHf&@rbl@kﬁ%ﬁnce of

a free radical initiator; (iii) a copolymer obtained reacting
conpound (i)(a) wth conpound 3(?%49f(f59m@PO‘{tl3)t()@)301FtriOa=ﬂ§h§hﬂ-aﬁQI@%Whﬁél cal

catal yzed reaction in the pr €S€NCie alkyl substituent contains from about 1 to about

10 40 carbon atoms;

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

about 1 to about 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
(ti)  acopolymer obtained by reacting compound (i)(a) and
compound(i)(b) in the presence of a free radical initiator;
(i)  acopolymer obtained by (a) reacting compound (i)(a) with compound
30 (i)b} or (i)(c) in a non-free radical catalyzed reaction in the presence

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

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




of copolymer (i) or copolyner (ii) or both; or by (b) contacting copolyner
(i) or copolymer (ii) or both with the non-free radical 4 catalyzed
reaction product of conpound (i)(a) and conpound (i)(b) or (i)(c), wherein
t he copolyner of (i), (ii) or (iii); with (B) at |east one ether conpound

tapabl e of being reacte 1 ﬁ’EBU(‘} ; i (e f=
eslto ers, there:)f,g or di cg?%!ggéﬁ ?%c';g)glﬁgé(,ﬂcgﬁﬁé) i ggﬁ?)@?%dséognr@%ﬁ@(gg? r or
m xtures thereof;and (Ci)@), wheash therepalyinehaf (i) (iorgbalitkc apabl e of ‘

reacting with at | east one nonocarboxylic acid or ester thereof, or
di carboxylic acid, anhydride or ester thereof; 10 and (D) at |east one

aromatic conpgRnd aeRaRbAe Bher @RGHUAY ciiablt Fibeln@asici@ANGith MBREATPOXY! i C
acid or ester thereof; or dicarboxylic acid, anhydride or ester thereof.

15 The predent i nvawnpeatboxyliglagids.direstersethercof, @1 dishrtiosplid avidspanhydodprosi t i on

conprising a najor 2o f an.oil.of Lubricating viscosity and a m nor
anount of the Iubrie%:tati nSéOfg?rlm%{%Fﬂh\g/r O}éﬁrﬁ{)osi tion prepared by the process
whi ch conprises reacting 20 (A) at |east one of the follow ng copol yners:

- (i) a copol yner, obt&i ned by free radical copol ynerjzation of conponents

conpri si ng: 260X a) alleast engplinkaiic peynpind\rrableof regctingsuth At deasbonecs- C28
nmonocar boxyl i g a6t AN HESEA" %l - CA- A %Fig%ﬁﬁ i i !
anhydri de or esoter t(ﬁ{grlgg{;l;gotg %ﬁg{eggg dl(():h%io_%lg ée%hf onprl?iogf’%ghg Sut 2 to
about 40 bhrbamd 30 atons or at |east one polyolefin conprising from about
4 to about 360 carbon atons and having a term nal copol ynerizabl e

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

monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride or ester
thereof.
15
The present invention is also directed to 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:

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

comprising:

25 (a) at least one monoethylenically unsaturated
(3-Cyg 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
30 ~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

5




group in the formof a vinyl, vinylidene or alkyl vinylidene group or

m xtures thereof; and 5 (c) at |east one nonool efin conpound which is
copol ynmeri zable wth the nononers of (a) and (b) and is selected fromthe
group consisting of. 5 (1) an alkyl vinyl ether and an allyl al kyl ether
where the alkyl group is hydroxyl, am no, dialkylamno or al koxy
substituted or is unsubstituted, and containing from about 1 to about 40
carbon atons; 10 (2) an(chl kyit leasi oee monoodefi\eahpophd mibiksh io topolymerizable

nonoet hyl eni cal | y unsat ur at ed. jmno- or dic oxylic .acid of from about 3
to about 10 carbon atons Mewﬂﬁiwowwﬁogffg% th)@ﬂ‘?lsc%%pﬁfjﬁ%‘m? A dout 1
to about 15 40 carbon at omsgoniRlin@pf:\- vi nyl car boxam de of carboxylic acids

of from about 1 to about 8 carbon atons; 20 (4) an N-vinyl substituted
ni t rogen- dont ai ni ng heterocyclic conpound; and (5) at |east one 1-olefin

conprising fromabout 2 to ut _4 ar.bqn_.at o Of5.@t one
pol yol efin conprising 25 f?‘g ab%h"%k vt‘%ngg](?ﬂ?nn%%rbalygfﬂ(gﬁgg%row@ergﬂ}? havi ng
a termnal copolymerizabl e group alRyltdieuf RmFiRkyR amiindy Hialky¥dminb ol elexPr
al kyl vinylidene group or m xtures thereof, provided that the olefin
enpl oyed is not the substituted or is unsubstituted, and containing from
- about 1 to about 40 carbon atoms;
10
- (2)  analkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or dicarboxylic
acid of from about 3 to about 10 carbon atoms where

the alkyl substituent contains from about 1 to about

15 - 40 carbon atoms;

3) an N-vinylcarboxamide of carboxylic acids of from

about 1 to about 8 carbon atoms;

20 ) 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

25 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);

30

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

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




sane as the olefin enployed in (i)(b); 30 (ii) a copolymnmer obtained by
reacting conpound (i)(a) and conpound(i)(b) in the presence of a free
radical initiator; 6 (iii) a copolynmer obtained by (a) reacting conmpound
(i)y(a) with conpound (i)(b) or (i)(c) in a non-free radical catalyzed

(b “contacting. copsl yracofthnhERHHES tn o) 1BEuPRMISTEN (Ol bifeohiBling 27 °Y
radi cal 5 catal yzed rea@i)(b)m (b)(a)duamoniﬁeeomthoa]mdta(jz):d edacamdincbhepresage (1) (b)

or (i)(c); with (B) at et her _conpound, ¢ of beinhg reacted
with at least two nono 8 QEF‘H?IYTB?‘" @i pehdd ﬁ a’é'r bfonizgting

di carboxylic acids, anhéﬁi%[ﬁ?e? Eror c&ﬁblﬁ?ﬂeﬁﬂiﬁ 01; B@tﬁ%{h th@'hoH]f?&E'ilﬁcﬁéaIt her eof ;

~and (C) at | east one aliphatic ¢conpound capable of reactin at | east
one nonodar boxylic aci ditalyzedgeastion peodof @f wmpuod (X gid mlmmudd (Bbhgdr i de
or ester thereof; and @2 (“%%1 | east one aromatic conpound capabl e of
reacting wth at. | east ‘é) nocar boxylic acid or ester thereof; or

di carboxylic acid, anhydride or ester thereof. 20 The present |nvention_is
also directed to a nethod of making a lubricati n% oi | additive conposition
whi ch conpri s@8 react i i Igasy ongrethasgompened epablsot boingaeiciey wishat Ipsxe 25

(i) a copolymer 0%?1%(2%&09%115 h&§s Oe?ﬁéﬁgem siah >9¥HEH-b%§&h<f£;c&&’J, aTYRQBEH S

conprising: (a) at unsatu
10 esters thereof, or mixtures thereof and

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

15
(D)at least one aromatic compound capable of reacting with at least one
monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride or ester

thereof,

20 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:

25 (i) a copolymer obtained by free radical copolynierization of components

comprising:

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

~30 C4-Cyg dicarboxylic acid, anhydride or ester thereof;

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

7




C3- C23 nonocarboxylic acid or ester thereof, or 30 C4-C23 dicarboxylic
acid, anhydride or ester thereof; (b) at least one | -olefin conprising
fromabout 2 to about 40 carbon atons or at |east one polyol efin conprising
from 7 about 4 to about 360 carbon atons and having a term nal

copol yneri zabl e group in theaﬁoﬁfm&{boﬁtydd‘gd o VétB%ﬁEﬁgasfmﬂé]ate%ﬁ’a'l

vinylidene group or mxtures thereo e nonool efin ,
conpound which is copol ynerlmblymcrmhlbgtdl@ 1mﬂ1:mﬁas&n$fafvu()d,)vmﬁdieﬁb))r and is
selected fromthe group cong tin an ,al kyI r}yl et her and an

al kyl al kyl ether where the al Vi S¢F’neg$r %‘)Ofg" o no,

di al kyl am no or al koxy =~ substituted or is unsubstitut ed and cont ai ni ng
from about | to about 40 carbon atons; (2) an al kyl am ne and an

N-al kyl amide of a 15 noEbet Wll@ﬁiwlmwuwﬂﬁhtmmoadd el is oopcdymenidabiey | i c

acid of fromabout 3 to about 0 car bon ubsti t uent
contains fromabout 1 to aboutt Edn?fﬁ’r"be&g‘{;\(t%gsmﬂégﬁn? Ss)segﬁtedli%m the group
N-vi nyl car boxam de of carboxashkistigcsfls of from about 1 to about 8 carbon

atons; (4) an N-vinyl substituted nitrogen-containing heterocyclic
conpound; and 25 (5) at |least one 1l-olefin conprising fromabout 2 to about

40 carbon atoms or at |east @9e Rl a\*fl%ll%iﬂﬁ eﬁ‘BPB‘H gr{ 418/1 alkyl ether where the
10 alkyl group is hydroxyl, amino, dialkylamino or alkoxy

substituted or is unsubstituted, and containing from

about 1 to about 40 carbon atoms;

) an alkyl amine and an N-alkylamide of a
15 ' monoethylenically unsaturated mono- or dicarboxylic
acid of from about 3 to about 10 carbon atoms where
the alkyl substituent contains from about 1 to about

- 40 carbon atoms;

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

about 1 to about 8 carbon atoms;

(4)  an N-vinyl substituted nitro gen-confaining heterocyclic

compound; and

25
(5) 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,
30 | - vinylidene or alkyl vinylidene group or mixtures

thereof, provided that the olefin employed is not the

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




from about 4 to about 360 carbon atons and having a term nal

copol yneri zable group in the formof a vinyl, 30 vinylidene or alkyl

vi nyl i dene group or mxtures thereof, provided that the olefin enployed is
not the sane as the olefin enployed in (i)(b); 8 (ii) a copolymnmer obtained

by reacting conpou % and b n t resence of a free
radical initiator; 6‘?. i éé)o%%e& bg?érf% trgigﬁli%lé évp?‘él}({]&éé ng conpound
(i)(a) with compound &drmpoﬁlha(l)@m)lﬁnﬁdlﬁbgdneeaf@ﬁeefaﬂﬁﬁlrna_cat@@l catal yzed
reaction in the presence of copolymer (i) or copolynmer (ii) or both; or by

(b) contacting copolyner (i) or copolynmer (ii) or both with the non-free

radical = catalyzedigpact Layd dhtincaby QI RAUNA n% nbofd ggg)e&gpngfﬁpgm{d ) (b)

or (i)(c); with 10°(B) at [‘east one e
reacted with at | east t@x\)ﬁb) Mﬂmmmwﬁeermausatalgzemhﬂr@ mttl{mqmgefnce or
di car boxyl i c acids,  anh es este s l;}t ures thereof-, and

er e
15 (C) "at |east one ali H‘QP? ’E) ‘b‘iﬁ?@o gﬂ‘)t}bé’é@i’i( FORACHNGt | east
one monocar boxylic am&Berynﬁ%h%r& 5 nﬁfﬂ?p(}l?&lﬂiﬂ?%lﬂ%ﬁ)’ﬁ prr@&fégf iﬂmhyd“de

or ester thereof; and (D) "at [east arohat1 ¢ conpound capa

reacting with at |east catadyz20 renstion prodostydficomaonrml (m)(a)emltie:lonmhemé(:u)(b)mr

di carboxylic acid, anhydride.or ester thereof. Accordingly, the present
invention relates to ) l}ﬁcti onal lubricating oil additives which are
useful asi(di spersants in an internal conbustion engine. 25

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

esters thereof, or mixtures thereof,and

15 (C) atleast one aliphatic compound capable of reacting with at least one
monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof;

and

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

thereof.

Accordingly, the present invention relates to multi-functional lubricating oil additives
which are useful as dispersants in an internal combustion engine.
25
| 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
30 understood, however, that the description herein of specific embodiments is not
~ intended to limit the invention to the partiqular forms disclosed, but on the contrary,
| the intention is to cover all modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the appended claims.

9




DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wil e the invention is susceptible to
various nodifications and alternative forns, specific enbodinents thereof
and are herein described in detail. It should be 30 understood, however,
that the description herein of specific enbodinments is not intended to
fimt the invention to the particular fornms disclosed, but on the contrary,
the intention is to cover all nodifications, equivalents, and alternatives
falling w thiBefmitiensspi rit and scope of the invention as defined by the
appended clains. 9 Definitions The following terns used with the
description are defined as such: 5 The term"PIB" is an abbreviation for

pol yi sobut en T +Rl §fﬁd' c eVl ats) f.Qr. | yi sobut enyl or
ponisobutylegﬁggggﬁg@qgﬁﬁﬁgrl éh%T%&?%ﬁﬁ%g}??hggﬁﬁﬁﬁ§§%ﬁ refers to a cl ass
of copol yrfers enpl oyed within the scope of the present invention which are
copol yners of..pol yi ytene .and.a.monoethyl enically unsaturated C3-C28 .
nnnocarboxylizﬁﬂﬁ¥ﬁ%@% é%@b¢3¥ﬂaﬁgwﬁgfBWY%O%%@%QS di carboxylic acid,
anhydride or ester thereof which have carboxyl groups, preferably succinic
. 15 groups, and polyisobutyl groups. The preferred polyPIBSA is a copol yner
of pol yi sobutheriernaRIBYal"as an abthgdatianefon aolyisgbuthey] ge pelyigobaiyt sngctnic | Z 14
(1Y GC R Bﬁﬁ i 0O wherein n is one or greater; R, R2, R3 and R4 are
sel ected from ngogen, met hyl and

10 :

The term "polyPIBSA" refers to a class of copolymers employed within the scope of
the present invention which are copolymers of polyisobutene and a monoethylenically
unsaturated C;-Cys monocarboxylic acid or ester thereof, or a C4-Cog dicarboxylic
acid, anhydride or ester thereof which have carboxyl groups, preferably succinic

15 groups, and polyisobutyl groups. The preferred polyPIBSA is a copolymer of

polyisobutene and maleic anhydride having the general formula:

hOAS

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

10




pol yi sobutyl having at |east about 8 carbon atons, preferably at |east
about 30 carbon atons and nore preferably at |east about 50 carbon atons
wherein either R, and R2 are hydrogen and one of R3 and R4 is nethyl and
the other is polyisobutyl, or R3 and R4 are hydrogen and one of R and R2
is methyl and ter . 1. yi . SA copol yner may
be'alternating?QEFgcggkgﬁéggﬁ'o#%gg%%ygﬁ%gpg?ﬁ?ﬂggé%ﬁﬂgb group” refers to a
group having the formula: O HII -GCCW -CGCZ" Il O 5 wherein Wand Z
-are independently selected fromthe group consisting of --CH, --0,
--O-alkyl or taken together are --0-- to flprma succinic anhydri de group.
The termO--alkyl" is neant to include Lgﬂgx_af fromabout 1 to about 40
carbon atons, preferably from about | g about "8 carbon atons. 10 The term
"degree of polynerization"” refers to the average nunber of repeating
structural units in the polymer chai i §he ferm "terpolyner" refers to a
pol ynmer derived fromthe free radical copJ ynmerization of at |least 3
mononers. 15 The term "l -olefin" refers to % nonounsaturated ol efin that
has the double bond in the 1-position. They can also be called

al pha-ol efins, and have the follow ng structure: CH2 = CHR 20 where R is
the rest oY tHaewineWandpare dndependendy saeaied from-thy grobp eonsigtiog obH-&H.n*Cl ef er s

to a disubsti E-@t--ec‘\ﬂ(y?hletfaj(éh toﬁ!etﬁgr a(fgl—-kfgtoafonn a succinic anhydride group. The term "--

O--alkyl" is meant to include alkoxy of from about 1 to about 40 carbon atoms,

preferably from about 1 to about 8 carbon atoms.

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

- structural units in the polymer chain.

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

copolymerization of at least 3 monomers.

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

CH, =CHR

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

25

CH2 = CRs R6

11



vinylidene olefin, that has the followng structure: 25 CH2 = CR5S R6 11
wherein R5 and R6 are the sane or different, and constitute the rest of the
olefin nolecule. Preferably, either R5 or R6 is a nethyl group, and the
other is not. The term "succinimde" is understood in the art to include
many .Of the aWthe'in Rl ar?i t]?et eﬁ?%@f&ént%dc&n&fﬁte%esl%atfoq{tﬂc?gfzﬁy the
reaction of a succinic anhydride With an . amne. The predom nant product,
however, is sumi¢onlarPeiderabigl, ¢ithesRE of Ry Rasndibdzrows asd theloyhen ot ed as

meani ng the product of a reaction of an al kenyl- or al kyl- substituted
succinic acid or anhydride with an am ne. Al kenyl or al kyl succini mdes

are di scl 0sed rha TR 6 ERERTANH i fit WShiud VMY bk BRIAY fmiger L ai n
10 fundanental types of Slll}CCi n%m es0 and rel at eh ]rlrat efw{l.yaﬁ)s %%@g%bgglggg by
the term of eafct spesigs wihivhrrrelal$o formet by diiet reaatiob).oba sRafirdo inhydside 2iHad, 708;
3,018, 291; 3,024, 237 100,673; 3,,219,666; 3,172,892  and 3,6 272,746, the
di scl osures of riﬁé B’iegbrﬂg}agwomi‘m&“afses&c@f}m‘@? %‘P‘@H@é’?r’ﬁga&ﬁ?@nt erm
"pol ysucci ni npgl@rallyeicgépted & hoMikeRe bRciiradesdiot of dn AU Nbialkyl-
group-cont ai ning copolynmer with an amne. The term "al kenyl or

al kyl succi ni csuhstigtefesucdiniciagist orraghedridetvathaansamine t Abkeny av aligy! suseinithidesrul a:
20 OH Il R7-_]J HC- C -M_.0O wherein R7,i,s selegcte r om hydr ogen,
ety and pofi GETed PRy s EEEHR s fen gho SR h 1. LERiT
10 fundamental types of succinimides and related materials encompassed by the term of

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

incorporated by reference.

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

group-containing copolymer with an armine.

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

formula:
20
O
q |l
R;——C——C——L
|
H,C———C——M
l
O

wherein Ry is selected from hydrogen, methyl and polyisobutyl having at Jeast about 8

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

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

alkylsuccinic anhydride group.

12




carbon atons, preferably at |east about 30 carbon atons and nore preferably
at least 25 about 50 carbon atons; wherein L and M are independently
- selected fromthe group consisting of --OH, --d, --O-alkyl or taken
together are --0-- to forman al kenyl or alkylsuccinic anhydri de group. 12

having the o1 Sinar o PRy HDRRER e fe G Syl S

al kyl or subsfal]buh@vzaﬂmdeneﬁ&mgﬁeeralIy has at | east about 5 carbon

atons, preferably about 30 carbon atons, and nore preferably at |east about
50 carbon atons and R9 is |ower alkyl of fromabout 1 to about 6 carbon
atons. 10 The term"soluble in lubricatgHyg oil" refers to the ability of a
material to dissolve in aliphatic andjpromati ¢ hydrocarbons such as
lubricating oils or fuels in essentially all proportions. The term "high
nmol ecul ar wei ght olefins"” refers to ol #ins (including polynerized 15

ol efins having a residual unsaturati sufficient nolecul ar wei ght and
chain length to lend solubility i Iubrlcat'%g oil to their reaction
products. Typically ol efins having 8about 30 Sarbons or nore suffice. The
term "hi gis nol ecul ar wei ght pol yal kyl" refers to pol yal kyl groups of
sufficient 20 no] ecul ar wei ght such that the products prepared having such
suf fici ent moWBeraindks is aliyher substituted|alipil Ry gf:nmﬁv ihasatileagt dhaut 5 Tgrbopal |y

atons, pref erupny A OBorE30 ¥bS buorll MO P AR A RS b U o
We: ghlt ]E)_ol yal dgbor@tau@andﬂ%sﬂ&w&%lkjﬂ&ﬂ' ffdnoabdtit ghlo amiwewhm:n atghght
pol yol ef i ns.

10 The term "soluble in lubricating 0il" refers to the ability of a material to dissolve in
alipbatic and aromatic hydrocarbons such as lubricating oils or fuels in essentially all

proportions.

The term "high molecular weight olefins" refers to olefins (including polymerized
15 olefins having a residual unsaturation) of sufficient molecular weight and chain length
to lend solubilit)’; in lubricating oil to their reaction products. Typically olefins having

about 30 carbons or more suffice.

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

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

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

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

weight polyolefins.
25
The term "amino" refers to -NR;gR; wherein R ;g and Ry are independently hydrogen
or a hydrocarby! group. '
The term "alkyl” refers to both straight- and branched-chain alkyl groups.
30

13




The term "am no" refers to -NRLORLl wherein RHO and Rl i are independently
hydrogen or a hydrocarbyl group. The term"alkyl" refers to. both
straight- and branched-chain al kyl groups. 30 13 The term "l ower al kyl"
refers to al kyl groups having fromabout 1 to about 6 carbon atons and

i ncl udes pri ”’Pﬁé’tenﬁ@mgﬁlkgl"ar@ﬂriﬁrzﬂkﬁ oo LﬁJ o ngﬁ%&kpébquﬂ% &5 tk%ﬁ@'&n a'yky'

groups include, for exanpl I sopr op y
sec- butyl, t-athmsgnd lmlqdemplymaryl, S@Opéarwthd tmltldlrgmjldyl aroahps. Hléyphuall(b)weﬁ alkigk term

" pol aIkI refers. t0,a enerall de
pgl y)cl)l ef?/ns \Aﬂogl?issg?lé‘d g?’i/‘?@hﬂ% eg%ﬂ ts?ﬁ]ellé’r Irfﬁ(?ﬂfo%fle'? ht\élf SB%L?&LEH arly
1-nono- ol ef i iyl, BypehityBSsoehdirIERBex A28 YhEME, butyl ene, and the like.

Preferably, the nono- olefin errpl oyed will have from about 2 to about 24
carbon atens, and nore 10 preferably, from about 3 to about 12 carbon

S;??Fcu:vg; Fy I sot%ﬁ{1 ﬁc’lgaﬁﬁl?éfg{setﬁéngir%{n g‘ﬁéﬁaﬁ%ogé n@?'éi% %AE%IBI yol efi ns

pr epar ed fronpcﬂytﬂéﬁﬁﬁ&ﬁﬂﬁclohxefpoltgamr@@k U@iﬁﬂj&ﬁéﬁ(l@f ﬁﬁmbeﬁ@ns Palinbade Menono-
ene, 15 The Lubri cating Addi ti ve Conposition One

especi ally pol yisobu
erbodi ment TS, BRUSR RihyIcascPIoPBARS Saiers maLibp GF PO 44 Mgner |
adi 11 Ve Cores Lyl FAEEA R WA.1 9535 MM SRIRE Laghdeact ng 20

(A) at | east one of ow ng copol yners a copol'ynmer tai ned by
free radil®al mgﬁgmby}nﬁmwduoat@abmdﬁmaﬂmhatonmome piafgred2nof@plefins | east
one nonoet hyl.e ur at ed lic acid or ester

| | b
t her eof , or (’ﬁ&@gg \églg{llﬁisa pilene p%f@f’ﬂlar &Fﬁ?ggﬁyfca’rbgé ag ad |-degengy -

Preferred, polyolefins prepared from such mono-olefins include polypropylene,

polybutene, especially polyisobutene.

15  The Lubricating Qil Additive Composition

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

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

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

comprising:

25 (a) at least one monoethylenically unsaturated Cs-Cpg
~ monocarboxylic acid or ester thereof, or C4-Cyg dicarboxylic

acid, anhydride or ester thereof;

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

14




(b) at |east one 1-olefin conprising about 2 to 40 carbon atons or 30 at
| east one pol yolefin conprising about 4 to 360 carbon atons and having a
term nal copol ynerizable group in the formof a vinyl, vinylidene or alkyl
vinyl i dene group or mxtures thereof; and 14 (c) at |east one nonool efin
compound which is copol ynerizable wth the nmononers of (a) and (b) and is
selected fromthe group consisting of: 5 (1) an al kyl vinyl ether and an
al lyl al kyl ether wherelchhe atdédsiydbnegmongnléfin dopaivomyt whichnis mopolginatikableam no
or al koxy substituted or is upsubstituted nd nt ai, ni o0 40 carbon
atons; 10 (2) an al kyl ami newﬁﬂ eamown&ffrﬁﬁ@iﬁ%aﬁ@n Isﬁﬁétgmﬁ}ﬁ%ﬁwy
unsat urated nono- or dicar boebylgiisﬁ%gf_;i d of 3 to 10 carbon atons where the

al kyl substituent <contains 1 to carbon atons; 15 (3) an _
N-vi nyl carboxani de of carboxylic acids of | to 8 carbon atoms; (4) an

at 1 oast Tone. 1ol of i 1 conpri % ng A N shroaiEp Giv ol AEREIRGE tRlast
one pol yol efin conprising about 4k gréfiPidthy@@RyK amaw) dalle/Emmodbr ARvkPg a
‘termnal substituted or is unsubstituted, and containing 1 to 40
carbon atoms;
10
(2)  analkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or dicarboxylic
acid of 3 to 10 carbon atoms where the alkyl substituent
contains 1 to 40 carbon atoms;
15

(3)  an N-vinylcarboxamide of carboxylic acids of 1 to

8 carbon atoms;

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

20 ‘ compound; and

(5)  at least one 1-olefin comprising about 2 to 40 carbon
atoms or at least one polyolefin comprising about 4 to
about 360 carbon atoms and having a terminal

- 25 _ : copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures
thereof, provided that the olefin employed is not the

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

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

in the presence of a free radical initiator;

15




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

vinyl i dene group or mxtures thereof, provided that the olefin enployed is
not -the sane as the olefin enployed in (i)(b); 30 (ii) a copol yner

obt ai ned by reacting conpound (i)(a) and conpound(i)(b) in the presence of
a free radical inigiatoy, el s i : i Ng
conpound (i)(a) w éﬂﬁﬁc girr%ogéﬁgﬁérz) ?gaz%)d%gﬁgj( %é)gftgrsgoé%%rﬂigﬂﬁ% 95{% ?’ é@h r g%?gvfg}d’
catal yzed reaction in t{aébynéde)ea noi-freo paligahreatalyizdd wactoomdo thenmresepte ) or
both; or by (b) contacti copol.ynmer (j) or..copolyne ii) or _.both with
the non-free radical 5 %fné‘gﬁ?ly?ﬁﬁé’il%raﬂpg’b)ﬁ’eﬁr(‘&ﬂ@wt%fot%’BMHW’(‘?S(a) and
conpound (i) (b) or (i )dopblymék tif of BpoRimdrqapdr IR withhRE nGRIPOHAkF apabl e of
being reacted with at  |east two nonocarboxylic acids, or esters, thereof,
or. di carbdxylic acids, chtrlyastyehctiorprodnctaicompotikbiiXoX andemomporediixb) or
thereof; and (C) at Iea® )p‘% al i phatic conpound capable of reacting with
at | east one nonocarbo g‘fr 1éci d or ester thereof, or dicarboxylic acid,
anhydride or ester thereof, and 15 (D) at |east one aronatic conpound
capabl e of rg(%éti ng with at | east one nonocarboxylic acid or ester
thereof; or di¥arboxylic aci#ileagifmggthcyeompownsk eapable pEbeing reagigd @ity ner

i The M t i . |4} ' : t
e ol a7 et B o SR 559 BROBBEOP GG e St =
10 anhydrides or esters thereof, or mixtures thereof; and

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

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

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

In the present invention, at least one monoethylenically unsaturated Cs-Cag
monocarboxylic acid or ester thereof, or C4-Cyg dicarboxylic acid, anhydride or ester
thereof is used to prepare the copolymers of copolymer (i). Preferably the at least one
monoethylenically unsaturated C;-Cyg monocarboxylic acid or ester thereof, or C4~Cag
30 dicarboxylic acid, anhydride or ester thereof is a dicarboxylic acid, anhydride or ester

thereof.

16




25 In the present invention, at |east one nonoethyl enically unsaturated
C3-C28 nonocarboxylic acid or ester thereof, or C4-C28 dicarboxylic acid,
anhydride or ester thereof is used to prepare the copolynmers of copol yner
(i). Preferably the at |east one nonoethylenically unsaturated C3-C28
honocar boxyl i I 0

anhydri de or ggté‘ él%r fo reo ae‘:stthgs (%Iaﬁdbdééarﬁ ﬁg%né aﬁhﬁﬁ%@é’q&é eé?he?g f(ii‘dras

t hereof. 16 Tﬁﬂkgﬂneral formula of the preferred dlcarboxyllc aci d,
anhydride or ester thereof is as follows: OO CCH=CH C X X. 5 wherein X
and X' are the sane or different, provided that at |east one of X and X is
a group that is capable of reacting to esterify alcohols, formam des or
amne salts with ammonia or cam nes, formnetal salts Wwth reactive netals
or basically reacting netal éngzounds and ot herw se #unction as acyl ating
agents. Typically, X and/or NisX- 10 OH, --O hydraqgarbyl, OwW where M-

represents one equival ent of a neCal— &MrrClnor Cami ne cation, --NH2,
--d, --Br, and taken together and X can be -- O\&so as to forman .
anhydrlde Preferably X and X.are such that both carbexylic functions can

enter into acylation reactiofs. Maleic anhydride is a Breferred reactant.
O her sui tabl e reactants include electron-deficient ol efins such as
nonophenyl mal ei ¢ 15 anhydri de; nononet hyl, dinethyl nonochl or o,

ronoor oo, TOULHE Gy L G BRI 6 RALARE LR X 4
acid, nalei c gonp thadiskeppabiy of m@@mgr’(&bﬁaﬁ@&lc&jﬁd]s{ fﬁmra@il&é‘s or amine salts w1th

. ammonia or amines, form metal salts with reactive metals or basically reacting metal
compounds and otherwise function as acylating agents. Typically, X and/or X'is --

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

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

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

25  methylenemalonic anhydride and mixtures of these with one another, among which
maleic anhydride is preferred.

.

Other suitable monomers are monoethylenically unsaturated C3-Cag-monocarboxylic

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




di al kyl fumarates and nal eates, fumaronilic acids and nal eani c acids; and
‘mal eonitrile and fumaronitrile. 20 Suitable nononers for (a) are

nonoet hyl eni cal | y unsaturat ed di carboxylic acids or anhydrides of from
about 4 to 28 carbon atons sel ect ed fromthe group consisting of maleic

2010, romar! Sifeiery i AG8UEIACHEL S SARONE GeiCdiack®S Rd BRERIROR aC d

citraconic acli
and 25 net hylaenbambﬁgmmmmhmimadémﬂwcmlwtamd@seplﬁfmdse wi th one anot her,
anong which nmaleic anhydride is preferred. O her suitable nononers are

nmonoet hyl eni cal |y unsaturated C3-C23-nonocarboxylic acids selected from

the group Co%ﬁoﬁﬁér%golﬁ; of36Ht14 MoR6mels iSTE|-grdlNyliesteRGf tonbéthelcnedisiaer yl i c
acid, ethylacrylicacrd, crotonic acid, allylacetic _acid and V|néla etic

aci d, anpiig \nmSamramlrcyj-Cmm neChé:a««japarbmadic@C@ﬁ sughrasfeti aerylaig
of suitable rm rirﬁﬁl%l ac&}a 0{1 céylg[%t [ S4 facf}}?é?@g&aé(de%ﬁle&%ﬁhﬂe)énéthe

unsat ur at ed (‘i-? caf‘ oXyli ¢ aci’ds suc

acryl ate, butaslers dGRIREL alcahﬁtﬂilmurmmhﬁh aboui@dyd 281wbd>raatems;hjh3ddyl
acrylate, |octadecyl acrylate and the -esters gla i ndustri.al ;l} it
mixiures. of fmehmeletn 2shylhsxybmeiagiiicaten mebpryiaie, acleH prelpgtyiate,

2-ethythexy! BERDARINALS, (SR lndBhEAhabe mkadasuleyBacr vl at o

nonobut yl mal e mal eate, di dodecyi mal eat e,
10 rmnoocltoade;ﬁmhoda’adde@ﬂmal@r@laﬂtidmt:mdﬁgzj/mafmteeate (b) The I-Aefin or

Pol yolefin In the present invention at |east one 1-olefin conprising about
2 to 40 carbon atons or 15 at | east one pol yolefin conprising about 4 to

360 carbon at afl PoiRidial  copol ynerizable group in the form
of vinyl, vi n@’?mdene Q?Yéf{ﬁ%r oﬁly l'1dene group is enployed. Suitable

1-olefins for preparing copol ymer (i) conprise fromabout 2 to about 40

In the present invention at least one 1-olefin comprising about 2 to 40 carbon atoms or
15  atleast one polyolefin comprising about 4 to 360 carbon atoms and having a terminal
copolymerizable group in the form of vinyl, vinylidene or alkyl vinylidene group is

employed.

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

20  carbon atoms, preferably from about 6 to about 30 carbon atoms, such as decene,
dodecene, octadecene and mixtures of Cy-Caq -1-olefins and Cy4-Cag-1-olefins, more
preferably from about 10 to about 20 carbon atoms. Preferably 1-olefins, which are
also known as alpha olefins, with number average molecular weights in the range
100-4,500 or more are preferred, with molecular weights in the range of 200-2,000

25  being more preferred. For eiample, alpha olefins obtained from the then_nai cracking

- of paraffin wax. Generally, these olefins range from about 5 to about 20 carbon atoms

in Jength. Another source of alpha olefins is the ethylene growth process which gives
even number carbon olefins. Another source of olefins is by the dimerization of alpha
olefins over an appropriate catalyst such as the well known Ziegler catalyst. Internal

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

materials are commercially readily available, and because they offer a desirable

18
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20 carbon atons, preferably fromabout 6 to about 30 carbon atonms, such as
decene, dodecene, octadecene and m xtures of C20-C24 -1-olefins and
C24-C28-1-ol efins, nore preferably fromabout 10 to about 20 carbon atons.
Preferably 1-olefins, which are also known as al pha ol efins, w th nunber

average nol ec f.erred,
wi t h nol ecul a&ﬂcg\“ﬁ#@gf?ﬁ* ﬁg{ﬁr@g}i\&g&gﬁ t@%@%ﬂ%%%}%ﬂgﬁtgg)? t?}lép‘r?’g}}%er?éfer red.
For exanpl e, mmmr@blaémtmsl\/mdnﬁras ﬂﬁm‘leﬁﬁmﬁ bleobheﬂhpmlyed;racki ng of paraffin

wax. Cenerally, these olefins range fromabout 5 to about 20 carbon atons
in length. Another source of alpha olefins is the ethylene growth process

whi ch gives §M%lé%[?@ﬁﬁ&qﬁrgﬁ})5}]n?é ¢ lyéﬂ}g%pr o%a?&éﬁ% (Q)Enf?ﬂsﬁxf | BSut BroPY

the dinerization of ns ov ate cat such as the
wel | know$ Zi @gllue%&mrwryatbmsl?heee pall)mﬁfls h;ivefalmmbarwemmqle@ﬂﬂravmgﬂ by the

t h I I t h ilica.
br ot or bty 109paR R Rt s Rt S0 D Gt HramnlS B etSire SHEPRR GRSy o
comrercial ly étﬁ?l dhd, )beMt%hé a;bdlsdmgu@b%ﬁ@taﬁ@ ofbﬁﬁc&ﬂflﬁfméi‘s ,l§énrtéﬁ@| fexedd
- bal ance of the 1eng jth of the noleécular tail, and the sol ubi of thée

t er pol yner i noctmﬂ@éI@ﬂe@@b,\ﬁbﬂ@@olmﬁmmb&temnaﬂ goemef thayllems@' bsingenpl oyed.

Sui t abl e pon S arln ol ol yol.efins ca i si ng
about 4 to 5‘9 nltp]@%g cartte; i lfglr%’?g esd ‘ﬁi‘fléﬂé‘%&e Ero\yé 011%?8&5’3? grage
ol ecul arlowei @igoprdp¥le mikrufes @ﬁfrahmﬁou’é@ td £boab20 cHBH at@hsBhd infpeatiqules of
these are oligoners of ethylene, of butene, incl udlqggél sobutene and of

branched i sonBeEoisebuisaes: éh@talﬁébééarf@r examnlerscordnede 2 04
| b he f
copol yner i zabl g %ﬁc{dﬂh%aﬂé rsggﬁlgﬂtl . 4 rﬁd?r?é éfeH@él WixuhbESERL sﬂaf&dt € rorm

of a vinyl, viny vinyll up, ol'I'gopropenes and 10
ol i gopr opene aligomerese afsofsumhla,ﬁmﬁxaﬁam@ nabtmts cﬂ‘@mydxme land othico atphaoldfing

parti cul ar oi § as obt ai I to DE-A
27 02 604, @P’% @Ig A USfigs apey %*ﬁlflg?@ e[isigaéelﬁé‘g’w%éﬁg 93&8@%‘3} Sgerein
M xtures 1af tﬂﬂ@o@&ﬁie%%grl ﬁféré!ﬁ@‘?fﬁe ﬁBﬁc@Ihﬁ&eiﬁHist@'ﬂIeeoh bRfersSHaPe €, m xtures

of .et hyl ene and 0t her pha ol efins. Oher “suitable poI yol efins are
descri bed i n dgt@miRralisntconienti®nd3tageobnwgelgiermeatioarchiomatography.

The copolymerizable polyolefin that is reacted with the unsaturated mono- or di-

carboxylic reactant are polymers comprising a major amount of C, -Cg mono-olefin,
20 e.g., ethylene, propylene, butylene, isobutylene and pentene. These polymers can be

homopolymers such as polyisobutylene as well as copolymers of 2 or more such

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

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

about 175 carbon atoms.

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

30  weights, individual copolymer molecules resulting will generally contain a mixture of
high molecular weight polyalkyl groups éf varying molecular weight. Also, mixtures

of copolymer molecules having different degrees of polymerization will be produced.
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15 incorporated by reference. The nol ecul ar wei ghts of the oligoners may be
determined in a conventional manner by gel perneation chromatography. The
copol yneri zabl e polyolefin that is reacted with the unsaturated nono- or

di - carboxylic reactant are polyners conprising a major anount of C2 -C8
nono-ol efin, TRO 4 j

pent ene. These p%@;g,gl?eg@gg%k%g@ ﬁrgﬁ%ﬁ?rﬁ;{e@‘s’e ﬁ%ﬁ%ﬁggeﬁlggg@ﬁjﬁpgﬁ?ﬁg}g wel |
as copol yner sl of giater, praferablyufedm abdwfli. ho abouh2G end oo yreferably fromedtopt ene
and propyl ene; Sl%l%l%/d ﬁ]lil , and isobutylene, etc. The polyolefin polyner
usual | y contai'ns O about 4 to about 360 carbon atoms, 25 al t hough
preferably 8 to 200 carbon atons; and nore preferably from about 12 to
about 175 carbon atons. Since the high nolecular weight ol efins used to

prepare tRe cGpol yHis Moge-cledia Goma i nvention are general ly mixtures of
i ndi vi dual nol ecul es of different nol ecul ar 30 wei ghts, individual -
copol yner nol ecules resulting will generally contain a m xture of high

mol ecul ar wei Tt prpseny Alviationgsneplpgs aifleasasyd mandokRCednaioune wdlidh isAl so,

m xtures of copi)In}/n:er rml,@g | es havi n% di fferent _deg]r ees of gol ynerization
Wil be produREaImeIGakiA v Bhs Fpemersart (Rasdbbuetis sterieh frBrbREREpan
average degr egn@ktippbeyneri zation of 1 or greater, preferably from about
1.1 to about 20, and nore preferably fromabout 1.5 to about 10. 5 (c) The
Mono- ol eflin Conpound The present invention enploys at |east one nonool efin

d whi ch, i | i.zabl g Wi h f d d i
ColBoted fr ol he 4t WEE LS b bt eBo Sl kg SbHEP and an
al l'yl alkyl ether afiasedihiR@ladlifd/ér HkSHPubStitHEE 0P 1MlnsubHfitED and bahintam no

.or al koxy substituted or is unsubstituted, and containing fromabout 1 to
about 40 carbon atfeems about 1 to about 40 carbon atoms;

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

20 ether, 2-(diethylyamino)ethyl vinyl ether, 2-(di-n-butylamino)ethyl vinyl ether, and

the corresponding allyl ethers.

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

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

Another group of monomers comprises C,-Cjyq alkyl amines and C;-Cag
~-N- alkylamides of monoethylenically unsaturated C; -C1o -mono- or dicarboxylic
acids, such as dimethylaminoethyl acrylate, diethylaminoethyl acrylate,

3() dibutylaminoethyl methacrylate, acrylamide, methacrylamide, N-tert-butylacrylamide,
N-octylacrylamide, N,N' -dibutylacrylami(_ie, N-dodecylmethacrylamide and N-

octadecylmethacrylamide.
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15 Suitabl e nononers include the follow ng: vinyl and allyl alkyl ethers

where the alkyl radical is of about 1 to about 40 carbon atons are al so

suitable, and the alkyl radical may carry further substituents, such as

hydroxyl, amino, dialkyanino or al koxy: Exanples are nethyl vinyl ether,
et hyl V|nyl-ether, propyl vinyl ether, isobutyl vinyl ether, 2-ethyl hexyl
vi nyl ether, decylvinyl ether, dodecyl vinyl ether, octadecyl vinyl 20

et her, 2-(diethylyam no)ethyl vinyl ether, 2-(di-n- butylanino)ethyl vi nyl

SRR s ik e R R

of from about 3 taiahgut 10 carbon atons where- 25 the al kyl substituent
cont ai ns from about 1 to about 40 carbon atons; Another group of nononers
conpri ses 3G -Aonghe|gkgup efrmonesegninclidecthe fotlpwmgkw\anwlembomldes of

nonoet hyl eni U or _.di car o c ids,..such
as di met hyl an%a%lﬂg\é(?’ﬂpﬁﬁacéﬁ%?gags% et ﬁ;‘ff’lgfﬁ]% %?}?mgfcslu 'V‘ rmamlde

di butyl am n0e‘ﬁhmszl-m@ﬁiaﬂ@lfyshﬁarﬁmcauqrwhﬁme@amdeﬂﬁwéN ﬁf&lﬁﬂacetramlde N-
N-tert-butyl acr yI am de, eg\&\]yl acrﬁl am de, N, N -dibutylacrylam de

N-dodecy! met RABHYY-sHyipsetamidenN-vay hNangthipronienapmideperbN-viny lpmypioggmide.

N- vi nyl car boxam de of carboxylic acids of fromabout 1 to about 8 carbon
atons; 5 Another group of nononers includes the foll ow ng:

N- vi nyl cdfboxXdm des N}Winybwﬂsﬁmydd Idtragélﬂa)rmeflmfng(hmeaiwulhc dorypoumdpAhotBercar bon
mom,sudlm;Nv fowm gﬁ | - - met hyl f or mam de,

N-vi nyl acet arﬁr‘i’]‘g’o WTSN- F?}Ehe geRY &HEW“N-COWPHW IsgfditFREcR et ani de,
N-vi nyl - N- metdyiait r=Y TN vi nyl
substituted nitr ogﬁe)gghég‘f)lﬁ%%ﬁlsng ﬁgﬁ\e%@g i&gqég(lf)\anpog%&eﬂ}%ﬁ%ﬂﬁza@ Pgt oup of
MONOMEr S | nclvudém’rrdi@Oﬂt)Mchmwlcapmhaaym conpounds of nitrogen- containing
het erocyl es, such as N-vinylimdazole, N-vinylnethylimdazole, N

vi nyl pyrrol i done and N- Vi nyl capr ol act am

15
(5)  atleast one I-olefin comprising about 2 to 40 carbon atoms or at least one
polyolefin comprising from about 4 to about 360 carbon atoms and having a
terminal copolymerizable group in the form of a vinyl, vinylidene or alkyl
- vinylidene group or mixtures thereof, provided that the olefin employed is not
20 - 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 Cyg-Cay
-1-olefins and Cj4-Cyg -1-0lefins. Preferably 1-olefins, which are also known as alpha
25  olefins, with number average molecular weights in the range of from about 28 to
about 560 are preferred, with molecular weights in the range of from about 112 to
about 420 being more preferred. For example, alpha olefins obtained from the thermal
cracking of paraffin wax may be employed. Generally, these olefins range from about
5 to about 20 carbon atoms in length. Another source of alpha olefins is the ethylene
30 growth process which gives even number carbon olefins. Another source of olefins is
by the dimerization of alpha olefins over an appropriate catalyst such as the well
known Ziegler catalyst. Internal olefins are easily obtained by the isomerization of
alpha olefins over a suitable éatalyst such as silica. Preferably, 1-olefins from Cip-Csp
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15 (5) at least one | -olefin conprising about 2 to 40 carbon atons or at
| east one polyolefin conprising fromabout 4 to about 360 carbon atons and
having a term nal copolynerizable group in the formof a vinyl, vinylidene
or alkyl vinylidene group or m xtures thereof, provided that the olefin

empl oyed 1S ngt ugl tfifis ATE: aatfggcarén@&me&mwx Pafdrtd Bhd bR

1-ol efins conprise a on at oms PEra

about 30 car txdferatdesrmbl&adﬂmwefﬂredmg@haﬂthd&uﬁmlarml addadmrnehmﬂdymsfﬂieures of
C20-C24 -1-qlefjns and C24-C28 -1-0| efins ef er | efins, which are
al so known ad®RPRIREr Brnqhpaler § VeWtM‘Wﬁ% Oﬁf\[!’@r %Sﬁﬁ? -ar wei ghts in
the range of from about 28 to about 560 are preferred, w th nol ecul ar

wei ghts in the range of fromabout 112 to about 420 being nore preferred.
For exanpPe, Frepiratior ef Cambobraiined fromthe thermal cracking of paraffin
wax nmay be enpl oyed. Cenerally, these olefins range fromabout =5 to about
20 carbon atons in length. Another source of alpha olefins is the ethylene

30 growt h pr aCep®synydi irédatagit rrpﬁlaﬂe? d@ﬁféﬁ@foxﬁarenqtﬁo&h%étﬁ&rsﬁn% her source. of

olefins is by the dinerization o ha ol efi ns over an appropriate
catal yst suchles@ibedin theprt inglpding, tmtegﬂ lemt@cbmaﬂlpsq methedewhich ast distlaseddne

easily obtai f. e tabl e

cat al yst sucﬁﬁegsc'lﬂ éwﬁﬁéﬁ;a‘teﬁ%ﬁ? erga%{:ﬂgre% mc% {A%g rgir-ﬁ?ﬂr‘rgtgéngﬁf?arel *used
because tlhesdl.BePatritdos 5T02, 729rmmtberedt lal, U SaBatkiyt N, @, 2 %0116, aghdihbensts e
they offer a srrable bal ance of the length of the nolecular tail, and
the sol ubili 1"’§ - Palgnt ‘érﬁe%llzy[?%r i n nonpol ar solvents. Mxtures of olefins
are also suitable. 5 Preparation of Copolymer (i) Copolyner reactant (i)
may be prepared fromwell known methods which are described in the art

i ncl udi ng, bun onoembedimesfith presens inveptidiotts cofulgienreactdntsc h psbelkenyl t he

fol |l ow ng patents are here| i ncorporated b ef : Harrr son et
o100 & B ptgTids By res herticmenrad ae colngossd il it G

6, 284, 71§45 a'ﬁﬁbn@ﬂ&?%)’ toQk) as described herein.

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

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

- form a small percentage of copolymers which are composed of monomers (a) and (b)

and monomers (a) and (¢). Component (a), the monocarboyxlic acid or ester thereof
or dicarboxylic acid or anhydride or ester thereof, is selected from those disclosed
above, preferably maleic anhydride. Component (b), the 1-olefin or polyolefin, is

25  preferably polybutene. Component (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,
30  terpolymer degree of polymerization decreases as the polymerization temperature

increases,
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al., U S Patent No. 6,512,055. In one enbodinent of the present invention
t he copol yner reactant is a polyal kenyl succinic anhydride terpolyner.
These terpolyners are conposed of at |east one of 15 nononmers (a) to (¢)
as described herein. Typically, the terpolyners of this invention contain

at | east one : c n ral .. these,
corponent s r e uis R AANERE SondleR bRk E o LR IRETadiciGRBor o,
al ternating tExmplysadisaitable bblogkrizaiopahiyia®esara perogiile compdOndsl apaned by
known procedure maki ng copol yners. Additionally, it is possible to

f
forma snall %E%&r%@@alaﬁes teappi] pgreocaraneptedied-tubripesbylhsranesfoner s (a)

and (b) and (G tg:( C xlic acid
or ester therggf fgréﬁsa(i{bgi g@%)?d;{t%bgﬁg& gglﬁg’nc}%}%?g%pg?ﬁg@?’e@g% ereof, is
sel ect ed Y onparérysicadingts] amdelicychhoxddicaonitey alulzy combeingsamubly ds 2 d6-
Conmponent (b) he 1-olefin qgr .polyolefin, is 25 preferably pgql ybutene.
Conponent _(c)?zoi)‘rsfg’o W(S’p%}lﬁfﬂ’r‘?,l t?asfgrﬁlr‘éa\‘y&eéﬁf"ialﬁn? TS Mgt ﬁé(‘”ﬂ’o&/r@f! n
cont ai ni ng frmﬁ%oylao-ﬁﬂtiﬂi%rsqﬁé)bﬁg% B ﬁ%&m.ﬁ@fe%y,%iﬁfﬁaﬁgﬁ%ggéﬂo%ﬁ%' on

of the terpolynmers can vary over d w de range. Preferably, egree of
pol yneri zat i obip¢ Mitiaterye.gh dit-byh perixiie; ditomy pergeide pnazo typdiniteatqrob.gner

d f pol; izati d th | i zatj on .t t
noroases. | 22 Hum s Sk eGY. Paoreturer Kychtenpne PR InG fip SoRalvBeB AR,
sui t abl e ¥or eefor axtingAd, desdribediPU.S. PEX Q68! BS60M45554hdte 000 180hateBy | zat i on

initiators are peroxide conmpounds, such as tertbutyl perpivalate,
tertbutyl perfevpdaedbyrelcrange intheir pntyetye Theaernsaesdures eould be used to prepare

ter t but yI per | ok alson thediChiss Blkibe RELOL IR Illler t-any! per oxi de,

di acetyl 5 peroxydi caronate and dicyc exyldi'caronate, or azo conpounds,
such as 2,2' - azobisisobutyrontrile. The intiators may be used al one or as
not her. Redox, co-ipnitiators may al so be present,

- a mXxture vm't&| o?e ? 5 |
Preferably, tH&PORHRYi(Ht BrRerpin aseprkdplefins eppheyedip thegeationecay be RipRarehut yI )
per oxi de,15di GHAM saRRRatindPasNopBfthet YiDSwHhiBH sl REGibed Befw.

Copolymer (ii)

In another embodiment of the present invention, the copolymer reactant is a
20  copolymer obtained by reacting (a) at least one monoethylénicaily .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
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
25 5000, and having a terminal copolymerizable group in the form of a vinyl, vinylidene

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

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

30 least about 20% is in the alkylvinylidene configuration, e.g.,
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i sobutylnitrile type initiators. Procedures for preparing poly 1l-olefin
copol ymers are, 10 for exanple, described in U S. Pat. Nos. 3,560,455 and
4,240,916, hereby "incorporated by reference in their entirety. Those
procedures could be used to prepare terpolyners. Both patents al so
describe a variety of initiators. Copogmyrer (i), wherein a second olefin is
enpl oyed in the reaction, can be prepajed 15 in the sane nmanner as
copolymer (ii) which is described bel ow. Copolyner (ii) In another

enbodi ment of the present invention, . copolynmer reactant is a 20

copol ynmer obtained by reacting (a) one nonoet hyl enical ly
unsaturated C3-C28 nonocarboxylicgacid or ter,, thereof, or a C4-C28

di carboxylic acid, anhydride or ester there and (b) at |east one

copol yneri zabl e polyner conposed of at least 3 olefin - nolecules of propene
or of a branched 1-olefin of fromabout 4 to about 10 carbon atons, having

a gurr:ber aver whereindtsnd Rararesi ajkyl avsubstittedatkadsutivient ehpimlsogth t9 58000,
Uyl dene. - EITRBRe AR RALE IRtk b o e R el Pttt

initiator.s ThMSst ameercaﬁdnamL pideirablo bt lehkt abdilﬁSel&hrHoﬁ‘é&ﬁﬁsi «d Ryrieapr epar ed
by reacting a "reactive" high nolecular weight olefin in which a high

proportion ofloggsalkykofifrasmabout 1 tsabqui § sparbap glemsp pithiag uppatyrgied acidic

al kylvinylid or/ R9 Wherein R3 and RO are an
al kyl or sub???gﬁﬁgéhg%ia%hof sﬁ?%ﬁ%?é%ﬁ chaln |l ength to give the

resul ting nol ’Egmcbaélysmahopalymen prodhudd has:aitmmnglpbarahaytbné aad syccirlicigroRBs
general ly has 5 | east about .30, carbon atonB referably at |east about
50 carbon at h&ﬁan pxprpge degregof polymeyizatinn of, IRt 1 to about 6 carbon
atonms, W{gh an unsaturated acidic reactant in the presence of a free
radical initiator. Typically, the copolynmer product has alternating

pol yal kyl ene Hrecbrefgoed nomlyners §s) of the present invention have the general

formula:

T
o::xi /;::0 Tz T4
C—C c—C
H H | ’
R, R

-
L)

15
wherein W' and Z' are independently selected from the group consisting of --OH, --O-
-alky! or taken together are --O-- to form a succinic anhydride group, n is one or
greater; and R, Ry, R; and R, are selected from hydrogen, alkyl of from about 1 to
about 40 carbon atoms, and high molecular weight polyalkyl wherein either R; and R,
20  are hydrogen and one of R; and R4 is lower alkyl having from about 1 to about 6
- carbon atoms and the other is high molecular weight polyalkyl, or R3 and R4 are
hydrogen and one of R; and R; is lower alkyl having from about 1 to 6 carbon atoms

and the other is high molecular weight polyalkyl.
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and has an average degree of polynerization of 1 or greater. 10 The
preferred copolynmers (ii) of the present invention have the general

formumla: WZO ClIl OR RN/ 1 1 CGCCCGC" Il R RBn 15 wherein W
and Z' are independently selected fromthe group consisting of --OH --0-
-al kyl or tak r cinic anhydride group, nis
one or greatgpp$gﬁglt@{ﬁfna%f%%&atlﬁé%&g{fg%g cggt ed from hydrogen, alkyl of
fromabout | to about 40 carbon atons, and hi gh nol ecul ar wei ght pol yal kyl
wherein eithe]Fnr R2 2 are ydroq d one of R3 and R4 is | ower

al kyl havi ng %Pﬁe tenl 0 ‘8‘% engnalgt r‘é?é?w%seﬁﬁﬂﬂleﬁﬁw&?’ﬁéhel s hi gh
mol ecul ar wei gQhétidaods ne of R and R2
is |ower alkyl ha%g&%ér%jﬁ? about @gmgﬁég?ggﬂ%é{?mm%f&ﬁ%lﬁe ot her is high
mol ecul ar Snei ght pol yal kyl . 24 Oopol ymer (ii) may be alternating, block, or
random In a preferred enbodi when nmal ei ¢ anhydyide is used as the
reactant, the reaction produ es copol mersooredom nately of the follow ng
formula: 5000 2 4

R, Ry
|
c—C
|
FL L
n

wherein n is from about 1 to about 100, preferably from about 2 to about 20, more
preferably from about 2 to about 10, and Ry, Ry, R3 and Ry are selected from

10 hydrogen, lower alkyl of from about 1 to about 6 carbon atoms and higher molecular
weight polyalkyl, wherein either R; and R; are hydrogen and one of R3 and Ry is
lower alkyl having from about 1 to about 6 carbon atoms and the other is high
molecular weight polyalkyl or R; and R, are hydrogen and one of R and R; is lower
alkyl and the other is high molecular weight polyalkyl.

15
Preferably, the high molecular weight polyalkyl group has at least about 30 carbon
atoms (more preferably at least about 50 carbon atoms). Preferred high molecular
weight polyalkyl groups include polyisobutyl groups. Preferred polyisobuty! groups
include those having number average molecular weights of from about 500 to about

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

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

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

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

incorporated by reference for their disclosures of suitable polybutenes.

25




C RLRBn whereinnis fromabout 1 to about 100, preferably from about 2
to about 20, nore preferably fromabout 2 to about 10, and RI, R2, R3 and
- R4 are selected from 10 hydrogen, |ower alkyl of fromabout 1 to about 6

carbon atons and hi gher nol ecul ar weight polyal kyl, wherein either R and

R2 are hydr Ogﬁféfé%m ong. 3%%5%@@%%?%5% ushéi"ﬂée roéidE%'hlélﬁ%bfégrglL{&%ﬁfgﬂt 1 to

about 6 carbon ato e ot ["ecul ar
R3 .and R4 ar esdiglde taylen tntdrpotyenaf Pﬁferahsigl tIRZI L1 glidubyittited aldfipil hasaciuinber ot her

i hi gh | | | P bly, h h . | '
T Yo WA e 0L Bt A RS
at | east abougiehf iCAT PO BLAIRY pofy)ﬁﬁ)fbﬁ &fé il s Hﬁhgwbh Edent‘!"ei ght pol yal kyl

groups i ncl ude polylsobutyl groups. erred pol yi u groups include
t hose havisng palyisebuteers. age nDIecuIar wei ght's of fronrabout 500 to about 20
5000, nore preferably from about 900 to about 2500. Preferred | ower alkyl
groups include nethyl and ethyl; especially preferred |ower aIkyI groups

i ncl ude et hyPrefofati el @pb@meﬁzmepelwﬁedc%gﬁ@s@ml ﬁBleBupr\IVMgﬁi{ rises
ene

t he pol ybut enes, which are prepared by polynerization of iso hese

‘pol ybut enes affaup shifh) iy derjved| fease a @m@w%wrghml@fém iThedighenplerelamn t o

in U s, Pa entCRGESIEG s PLEE LARHAR P B Sholiets offfe R iVl IEOr ot e
by referdfice diauffidimitly lohscHaiisiength softhatuhd @bhlenp cdnipasittomes soldbleh afider abI Y,

1, 1 -disubstituted olefins are used to provide a hjpgh nglecul ar
oil soluble (toamaﬂgr? Witfemineral gils.fugls apr? rediksppyd @ﬁ@lkylwuayhderlwsepr ?ﬁg

olefin has a ng'l?ﬁﬁ'iecuﬁal’ @{??g@@oMﬁnQ:Bm% er #Wabggpzd" o??f?:%tapglgﬁn One

~particularly useful I'subst 1 tut I'S a di substituted
pol yi sobut yl emmnposuwh Rrsfenadilythes alhyl vidglidene isomer comprises at least 50%, more

preferably at least 70%, of the total olefin composition.
15
Such high molecular weight olefins are generally mixtures of molecules having
-different molecular weights and can have at least one branch per 6 carbon atoms along
‘the chain, preferably at least one branch per 4 carbon atoms along the chain, and
particularly preferred that there be about one branch per 2 carbon atoms along the
20 chain. These branched chain olefins may conveniently comprise polyalkenes prepared
by the polymerization of olefins of from about 3 to about 6 carbon atoms, and
preferably from olefins of from about 3 to about 4 carbon atoms, and rrlore preferably
from propylene or isobutylene. The addition-polymerizable olefins employed are
normally 1-olefins. The branch may be of from about 1 to about 4 carbon atoms, more

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

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

more preferably the methylvinylidene isomer.

30 The especially preferred high molecular weight olefins used to prepare the
copolymers of the present invention are pelyisobutenes which comprise at least about
20% of the more reactive methylvinylidene isomer, preferably at least about 50% and
more preferably at least about 70%. Suitable polyisobutenes include those prepared
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5 polyi sobutylene. Preferably the copol ynmeri zabl e pol yner conprises a high
nmol ecul ar wei ght polyal kyl group which is derived froma high nol ecul ar
wei ght ol efin. The high nolecular weight olefins used in the preparation
of the copolyners of the present invention are 10 of sufficiently |ong

chain length : | £ it i s o nd
conpati bl e W‘?Sﬁn%nﬁ?\%?aa ﬁ%ﬂ;@g P %é&%ﬁ) éﬁgﬁgﬁlﬂeﬁ (ﬁﬂﬁ%@téﬁgﬂ?h@cgm@l vi nyl i dene
i somer of t hemethylymyhdbmcisbmaer comglsts @ hhiperceatage of e tahl tomgsisitindsit 20% of

the total olefin. ca ition, Pr , yl vinylidene isoner’

conpri ses at J8&ge ngggr%?@ﬂ\{??e‘ggia@b%ig@@ém% of the total olefin
conposi tion. 15 Such high nol ecul ar weight olefins are generally m xtures
of nol ecul es having different nol ecul ar weights and can have at | east one
~branch pep 6 Bgpwsonchepdywenyiiit he chain, preferably at |east one branch
per 4 carbon atons along the chain, and particularly preferred that there
be about one branch per 2 carbon atons al ong the 20 chain. These branched

chai n ol ef i nsAgByted aweNEcpolynyer (RGN the PreRERt M ILE0E S frepRed Blreabtind e
pol yneri zation of olefins of fromabout 3 to about 6 carbon atons, and
preferably f it anansguratodanidip seactant ingtha peasence of arfissmadied dgitiatond heor e

r ef er abl f r i f; Nl i:t kpn-nol [
ol et ne el SEEsEOERY piirton'of COMINRGIE i NSRS th A, VIEPALARNS.
1 to aboul 4 LhiHIHV, athévkes hemirein@&rpositesl Byyrefifrerice dimitabmtitetyl t o about 2

carbon atons and preferably nethyl. The preferred al kyl vinyli dene isoner
conprises a nethyl- or ethylvinylidene isoner, nore preferably the

met hyl vi nyl i daR&chSRA R ay b%%oﬁh&tgcfmﬂépleaa B SF BB RN 2BBktSqYb@r wei ght

t
ol efins used to prepare"the copolyners of the present invention are
pol yi sobut enggefgrabishiremmprits)°atto beastl 68 KEhe 2@8deof polyeemization is awtersely

1 Last BbodtoRguma ealee e 9refhebnBE bl N RO IR R o T Y

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

The reaction may be conducted neat, that is, both the high molecular weight olefin,
acidic reactant and the free radical initiator are combined in the proper ratio, and then
stirred at the reaction temperature.

20

| Alternatively, the reaction may be conducted in a solvent. Suitable solvents include
those in which the reactants and free radical initiator are soluble and include acetone,
tetrahydrofuran, chloroform, methylene chloride, dichloroethane, toluene, dioxane,
chlorobenzene, xylenes, or the like. After the reaction is complete, volatile

25  components may be stripped off. When a solvent is employed, it is preferably inert to
the reactants and products formed and is generally used in an amount sufficient to

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

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

polymerization, e.g., sulfur compounds, antioxidants and the like.
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usi ng BF3 catal ysis. The preparation of such polyi sobutenes in which the
net hyl vi nyl i dene i sonmer conprises a high percentage of the tota
conposition is described in U S. Patent Nos. 4,152,499 and 4, 605,808. 5
Preparati on of Copolyner (ii) As noted above, copolyner (ii) of the present

invention is qr . . ef.1 t : jdi C
roactant i n (AaeaaeE thebobEREipRn o2 ifibila BY ol B R G, SEUEC ©,
preparati on ahitiaepohny wedl Koo ih $hed® ¢Toviasdr, ilie didideiof e rddid&al iltdateninapo. 10
5,112, 507, ich_is herein incorporated by reference in its entirety. The
reacti on may BenHEagetbrhcaeaction mreraing@neysbout - 30C to about 210G,
preferably from about 40C to about 160C. The degree of polynerization is
inversely proportional to tenperature. Accordingly, for the preferred high
mol ecul ar Swei et prafsrred fro¢-yatkivas inifidtoissirathe petoxifeeype paymepkaiionl inittors eact i on

tenperatures._ The reaction may be conducted neat, that is, both.the high
mol ecul ar wei Rg%?zgﬁ?'ﬂ‘? poqggpﬁgagmpé%@gm ﬁﬁﬂ@“?lﬁﬁa’\‘ ube upgA da mitigie iﬁ}eat or
are conbi ned reictiolSifRESRE ratio, and then stirred at the reaction
tenperature. 20 Alternatively, the reaction may be conducted in a sol vent.

Suitabl e solvents include those in which the reactants and free radical
initiator ar 0 . nd.include.acetone,, tetrahydrofuran, chloeroform
oty e o IR SR sOHAMET iB6GEP R be St eIV BoRatier e cERSL O
Xyl enes, 10r tHa®ingithegenbfal ermiule R £OCIR,9Whe K9 g togani®©tadidal adRy; is
conponents nay, be stripped off. Wien a solvent .is enployed, it is
preferably i riglegted drom the srameeasisingeidygregsn and ampengapic spdical sBefbrfue and y

used in an apual, sHM§LLGE S LGl X . ively,
4520, 0 SR GO i By Tl A R LY
30 as the dilifidssiredicebstinadntcsnh as Balogns] ¢t Rrafesredl padoxidet aichelealiiet-butyhe
free radical ol.Xméri za{i on,..e.g.,.sulfur corrpgunds, ant i oxi dants and the
like., 27 peroxide, dicumyl peroxide, and di-tert-amyl peroxide.
15 :

Examples of other suitable peroxides, which in no way are limiting, include benzoyl

peroxide; lauroyl peroxide; other tertiary butyl peroxides; 2,4-dichlorobenzoyl

peroxide; tertiary butyl hydroperoxide; cumene hydroperoxide; diacetyl peroxide;

acetyl hydroperoxide; diethylperoxycarbonate; tertiary butyl perbenzoate; and the

20 like.

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

The amount of initiator to employ, exclusive of radiation, of course, depends to a
large extent on the particular initiator chosen, the high molecular olefin used and the
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I n general, the copolynerization can be initiated by any free radi cal
initiator. Such initiators are well known in the art. However, the choice
of free radical initiator may be influenced by the reaction tenperature
enpl oyed. 5 The preferred free-radical initiat ors are the peroxide- type

polyrrerizatio Lnitia nd t & 3% rrerl

Ract a1 on canf a8 BB R, TS Syl CorpRrBS o PRIT S B p A P Ly Bhe:

per oxi de-t ype).p11egoléseliifidihtok Peﬂmalte@t‘ a€idit 1ofc A Okt SrefirrednBi@an tetwddne
organi ¢ 10 havi t he ?enera formul a: R12 OOR13 ere R12 is any organic

radi cal and F&@Oﬁg’sands@ @dted fromthe group consisting of hydrogen and any
organic radical. Both RI2 and R13 can be organic radicals, preferably
hydr ocarbon, aryl, and acyl radicals, carrying, if desired, substituents
such as hat ogﬁmqaolﬁhe:nzaf?mefempeemrpmxbeiﬁﬁ‘ﬁbxamllymighmb bieek Hevwnthe initlatroxi de,

di cunyl peroxid | - oxi de. 15 Ex s of the suitable
per oxi des, d’ﬁoq“ﬁe ﬂlﬁ%&ﬂ dafIFf‘(? Ilgz‘ﬁ"? lj'r:fﬁex?lﬁeteuﬁsén gﬁt‘fﬁﬁlper% ‘?ﬁﬁ | aur oyl

per oxi de; ot hﬁftxato“rrthé ?éaMtn(Qf'tE%betBﬁfr@&rfj&Sbet%cé}l SHoShy Prohaneew 90°t2er oxi de;
tertiary butyl hydroperoxide; cunmene hydroperoxi de; diacetyl peroxide;

acetyl hydr ogeafmbuebetvdceetatwvlpw&)@ndabmr%f@ lngter amialtoyvebtm}perqmebeamhfat e;
and the 20 lik The a pe, conp nds i.e al pha, al,pha’

- azobi si sobut%ﬁ‘gﬂetdr?fﬂeég]eﬁ% F’F’P?ﬁéé)% heing q?\ﬁgﬁ%%oubfd gij}ﬁdng

nat eri al'si0 Thaset Z000C SRR preRdfedianipiaaaitef@dnadout S10S anh avbirg 5pr@sent in

t he nol ecul e group --N=N-- wherein the bal ances are satisfied 25 by organic

radi cal s, at | east one of which is preferably attached to a tertiary

car bon. efhe rgéctn%gnp?eisﬂég (S)lﬁor aﬁgﬂﬂﬁcwﬁkﬁl ll’l?fﬁntaﬁttke &1¥er? % tl‘te lf&‘bﬁcfaﬂlatsg p-

br om)benzenedl azoni u I azoam nobénze

br onbbenzenedbragsarts dam i fers ivels; beaﬁmiaibbmnameﬁhwt@ﬂ ﬁszgm hightéral i des. A
suitable list of azo-type conpounds can be found in U S. Patent No.

2,551,813, issued 30 May 8, 1951 to Paul Pinkney.
' 15  The reaction time is usually sufficient to result in the substantially complete

conversion of the acidic reactant and high molecular weight olefin to copolymer. The
reaction time is suitable between one and 24 hours, with preferred reaction times

between 2 and 10 hours.

- 20 Asnoted above, the subject reaction is a solution-type polymerization reaction. The
high molecular weight olefin, acidic reactant, solvent and initiator can be brought
‘together in any suitable manner. The important factors are intimate contact of the high
molecular weight olefin and acidic reactant in the presence of a free-radical producing
material. The reaction, for example, can be conducted in a batch system where the
25  high molecular weight olefin is added all initially to a mixture of acidic reactant,
initiator and solvent or the high molecular weight olefin can be added intermittently
or continuously to the reactor. Alternatively, the reactants may be combined in other
orders; for example, acidic reactant and initiator may be added to high molecular
weight olefin in the reactor. In another manner, the components in the reaction
30  mixture can be added continuously to a stirred reactor with continuous removal of a
| portion of the product to a recovery train er to other reactors in series. In yet another
manner, the reaction may be carried out in a baich process, wherein the high
molecular weight olefin is added initially to the reactor, and then the acidic reactant
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The amount of initiator to enploy, exclusive of radiation, of course,
depends to a large extent on the particular initiator chosen, the high
mol ecul ar- ol efin used and the 28 reaction conditions. The usual
concentrations of initiator are between 0.001:1 and 0.2:1 noles of

initiator per e.of acidig reactant, with eferred ampunt et ween
07005 1 and oGS intietdhee e GESEY b i b PG ST ARG ot 1 y
high to breakpld@w atritldritypd RhQbr whére BEOHRGRNEMNS akkeliERSt dnk @8 mcaélpéialss. For
exanpl e, using benzoyl peroxide as the initiator, the reaction tenperature

can be bet weedlorgibafube5C and about 90C, preferably between about 80C and
about 85C hi gher and | ower tenperatures can be enployed, a suitable broad
range of tenperatures being between about 20C and 10 about 200C, wth
preferred 3 enpegodirigrgdiybet ween about 50C and about 150C. The reaction
pressure should be sufficient to maintain the solvent in the |iquid phase.
Pressures can therefore vary between about atnospheric and 100 psig or

higher. 15 T i i i t£flaci: 100
Cubet it o1 1y Su 3fibodheh, BbpdiFmbO o (B3 SALEEH b} @ odpRihlr SfibelPy
nmol ecul ar wei {@hteactimgf dompbond Qe witk compiend (@t (i0(e) in amoni-Feswidicabl e

bet ween one and, 24 hours,. wth preferred. reaction tinmes ,b bet n a 10
hours. 20 As FR¥FdaHGH 1%"41%9@6_ 8 Of CPRAEEFIH qrgoaolglaﬁhﬁ&ﬁg?@pgl‘zby&?
pol ymer i zgf i OgbntRafd teBlyndd i) oP b&KbITREATYbABotMAlitthe RoRirbAradfGl Sliflyzed
reactant, solvent and'initiator can be brought together in any suitable
manner . - The impionpmdutbeficomponnd(i)(al andecompoond Gib) @f(iXde hi gh nol ecul ar

wei ght olefin and acidic reactant in the presence of a free-radical
producing material. The reaction, for exanple, can be conducted in a batch

syst em wher-e pﬂaga,%ﬁoﬁbﬂ@opwjmqﬁgr wei ght olefin is added all initially to
a mxture of acidic reactant, initiator and solvent or the high nol ecul ar

wei ght olefin can be added intermttently or continuously to the reactor.
Alternatipaely r ' ] . i RSPl €,
ot di o r diot AP BABE PREAERL P BT IRD 1 e SHBEL for SRR il b0

et al., U.S. Patent No. 6,451,920, which is herein incorporated by reference in its

entirety.

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

20  i.e., the beta-vinylidene, that do not react readily with the monoethylenically
unsaturated C3-Cag monocarboxylic acid or ester thereof, or C4-Cyg dicarboxylic acid
or an anhydride or ester thereof, under free radical conditions, are reacted with
monoethylenically unsaturated C3-Cyg monocarboxylic acid or ester thereof, or C4-Cas
dicarboxylic acid or an anhydride or ester thereof, under thermal conditions, i.e., at

25  temperatures of from about 180°C to about 280°C. These conditions are similar to
those used for preparing thermal process PIBSA. Optionally, this reaction takes place
in the presence of a strong acid, such as sulfonic acid. See for example U.S. Patent

No. 6,156,850.
30  Optionally, a solvent may be used to dissolve the reactants. The reaction solvent must

be one which dissolves both the acidic reactant and the high molecular weight olefin.

It is necessary to dissolve the acidic reactant and high molecular weight olefin so as to
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wei ght olefin in the reactor. In another manner, the conponents in the
reaction 30 m xture can be added continuously to a stirred reactor with
continuous renoval of a portion of the product to a recovery train or to
ot her reactors in seri es I n yet anot her manner, the reaction may be
carried out i

[OCess er he hi .1l ecu l efin
o haded i ni t Mifh 8RS RRSEE Borpt 5 R o uiin SpEMer A B adbp b R 1 ¢ he
initiator arefoagd et ﬂfe%dﬂ@hﬂ HusRUR6 bt: loH®in Whigh fiRasdultan ablyalesdars blubla] y
take place in a tubular-type reactor where the conponents are added at one

or nore points along the tube. 5 Copolymer (iii) In one enbodinent,

fggg't ?/ggf . {)(ram a%ﬁlﬁag Nehgs lha?ﬁéjﬁc@ﬁ&‘? ‘Jg%t‘%f %@@&w ﬁ?ﬂr)o?ﬁ%gﬁs'}?a%rﬁyﬁ‘or‘g %?aout
radi cal catab ;ozahdut Hacdbanatoms; tl&mms Bsene fromfaboaBololabeit X ¢arbar atompol ynmer

bot h; by (b) 1 tact ol
bot h i th 1 hegHSKd G RLRTAE QUIGREBICY PTE bRAs B EnE SPTAD T hfbund

(i)(a) and CO&H&%.‘?‘ Barbbal §Bns ‘f;@ fb e@ﬁﬂk rE’fc?éb?}F ﬁ%»fn%o@elstgﬁ%h é’i*@irbc(ri Athohs 15 A

process for the preparation of for exanpl e,
in Harrison, pamadétcuje. BySligdt Mea)dmhqﬁdzﬁﬁdergﬁﬁcondhwmh of polpmenzation. In

|ncorporated eren its e ety. In a above, any
unr eact ed ol eﬁ%ﬂ a&’@ﬁ%ﬂ‘%‘ﬁ‘ﬁ‘?%b%’r IHE%F@E? UE’Fé’fa[ Ona%&un Ezrb °% he

bet a- vi nylg deftems tiathatlidetOf hRAEE, (Bl%é'ﬁrym oD BF SRR i RueR ay
unsat urated C3- C28 'nonocar boxylic ‘acid or ester thereof, or C4-C28

di car boxyl i c iaesrdissplveghe agidligdedcthat and lelgh solechlar ssight olefinsn addion tedhe al
conditions, are oet hy. ra ed

eacted Wt al | at
monocar boxy! |rgsue%{én%lcoé’r°?yé%?§&hteﬁgp ral E?j g()fﬁgﬁ O;f"jbchyl“fecg acl %nolsr’ an
anhydri de or g6l belesafl, andnder] &mgpﬁlfermmemeem.s iagl4:1at 25
tenperatures of from about 180C to about 280C. These conditions are simlar

to those used for preparing thermal process PIBSA. Optionally, this
r eact I on It5ak6§uiﬁ\)fé%%lvents include the ketones having from about 3 to about 6 carbon atoms

and the saturated dichlorinated hydrocarbons having from about 1 to about 5, more

preferably from about 1 to about 3, carbon atoms.

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

methylisobutylketone;

2. aromatic hydrocarbons, such as: benzene; xylene; and toluene;
25
3. saturated dihalogenated hydrocarbons, such as: dichloromethane;
dibromomethane; 1-bromo-2-chlorocthane; 1,1-dibromoethane;
1,1-dichloroethane; 1,2-dichloroethane; 1,3-dibromopropane;
1,2-dibromopropane; 1,2-dibromo-2-methylpropane; 1,2-dichloropropane;
30 1,1-dichloropropane; 1,3-dichloropropane; 1-bromo-2-chloropropane; 1,2~

dichlorobutane; 1,5-dibromopentane; and 1,5-dichloropentane; or

4.  mixtures of the above, such as: benzenemethylethyiketone.
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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 nmay be used to-

di ssol ve the reactants. The reaction solvent nust be -one which dissol ves
both the acidic reactant and the high nol ecul ar weight olefin. It is
necessary to dissolve the acidic reactant and hi gh nol ecul ar weight olefin
so as to 30 bring theminto intimate contact in the solution

pol ymeri zat i dhhe @@olyien is donvh@entbesparafeduiun tdladnt bhd asohnrentedatidic al so be
one in which the r@;ul tant, copol ynmers are soluble. _Suitable, solvents
i ncl ude | i quiga<aRt by £eRYFIGPnalmERREaIeSs AV 8 PRAIFSHBATRIAN. Aef Ve SHSiARUER: 5 6 to

about 20 car bgp.ia4Q%; O ' Blts nd/Gr @R R 5 DOkt ONs;
and liquid s urlgiiteﬁﬁaaf]?%a??ezlﬂt]lﬂﬁ% dggshglglé%b‘%yé? oca?‘bongswﬁeerllvi n??ror% about
1 to aboubt Swmghleaweatioms per nol ecule, preferably fromabout 1 to about 3

carbon atons per nolecule. By "liquid" is neant liquid under the
conditions of polynerization. In the dihal ogenated hydrocarbons, the

hal ogens ar e TSIy er9NsRAIMC/Ny AR S ?quAQ, Wi Eay BY dirB@lyoarBsd td s neant
F, A and Br. The anmount "of solvent nust be such tha%( it can dissolve the
aci di ¢ react aopolntr Fagtanh@) exdlii).ds gewsraivprepased by # numbefi afivedl-knevihe

resul ting copalyners. ,.The yolu 11,0 of solvent to high [,ar I ght
o efin 9 sdmpeTe isdy it iR ptdRad BsuBt ity T oshBpld, B PR SEluBlond®s ]

and 4:1. 105 Shédbbecegl(¥@Nt ., NS] Rilent N 31861 878) af ayilallg walleinoxaout -3 to
about 6 carbon atons and the saturated dichlorinated hydrocarbgns having

from about 1 QprERHeR PECCHAREE, egp & BrRANN. No.chl 720t acombingignel 81¢ car bon
stome,  Dxarpl el st gBLEAIUEI (ECLKCEs MlaPs, 0l oo 20
met hyl i sobut ysidoag acig pratesser (gea)d.€., UySlPatat Nons,8 191660 and 6,156,858y and kyd ene;
and toluene;  &2al processes (se, ¢.g., U.S. Patent Nos. 5,286,799 and 5,319,030). Such
15  compositions include one-to-one monomeric adducts (see, e.g., U.S. Patent Nos.
- 3,219,666 and 3,381,022), as well as high succinic ratio products, adducts having
alkenyl-derived substituents adducted with at least 1.3 succinic groups per alkenyl-

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

20  Polyalkylene succinic anhydrides also can be produced thermally also from high
methylvinylidene polybutene as disclosed in U.S. Patent Nd. 4,152,499. This process
is further discussed in U.S. Patent No. 5,241,003 for the case where the succinic ratio
is less than 1.3 and in EP 0 355 895 for the case where the succinic ratio is greater
than 1.3. European Applications EP 0 602 863 and EP 0 587 381, and U.S. Patent No.

25 5,523,417 disclose a procedure for washing out the polymaleic anhydride resin from
polyalkylene succinic anhydride prepared from high methylvinylidene polybuiene. A
polyalkylene succinic anhydride with a succinic ratio of 1.0 is disclosed. One

| advantage of polyalkylene succinic anhydride from high methylvinylidene polybutene
is that it can be prepared essentially free of chlorine. U.S. Patent No. 4,234,435
30 teaches a preferred polyalkene-derived substituent group with a number average (My)
~ in the range of from about 1500 to about -3200. For polybutenes, an especially
preferred number average (M,) range is from about 1700 to about 2400. This patent
also teaches that the succinimides must have a succinic ratio of at least 1.3. That is,
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3. saturated dihal ogenated hydrocarbons, such as: dichl oronet hane;

di br ononet hane; 1brono- 2-chl or 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 br onopr opane;

1, 2- di br onopr opane; 1, 2-di bronop- 2- net hyl propane; 1, 2-di chl or opr opane; 30
1,1-dichloro I 21, 2-

d| chl or obut aﬁg&@%ﬂ@ug}ggg%%gnﬁﬁg{nwgg&% ée %ﬁglh S%%‘g &?OE%?E?F m Xt ures
of the above,desived sustituopingreme Modt prefedablyk dteamecinic3atiorN: ﬂmukﬂmﬁrqmﬂrti fos
conveniently gparated from sol vent and any unreacted acidic reactant by
conventionaI:% ‘ocedures such as phase separation, solvent distillation,
precipitation and the like. If desired, dispersing agents and/or

co-sol vents (Bé be used 5 during the reaction. The ol yi sobut enyl succinic

anhydr i de 3( PI®8a) suitableclikempl sugeint m@&dﬂi@esa'ud@@bsﬂbose proi by UrSe ReteahilNo( | )

or (ii), is p by ,a_nunber I ses

i ncl udi ng thg"e@@d@&@%‘éé‘éﬁ ﬂ%éflﬁ?ﬁ’ ng?arglonn%fa fhyr‘%ered? b%&%\%el | - known

10 t her nal prd@P@gﬁqe(ﬁee e.g., US Patent No. 3,361,673), an equally

wel | - known orination process (see, e.g., US. Patent. No. 3,172,892), a

conmbi nation of the thermal and chlorination processes (see, e.g., US.

Pat ent No. 3@%@#@%@%‘%&% strong acid processes (see, e.g., U S

Pat ent Nos. 3, 850), and free radical processes (see,

e.g., U 80 Patent Nos. 5,286,799 and 5,319,030). Such 15 conpositions

i ncl ude one-to-one nonerl adducts (see, e.qg., .U S. Patent S.

3,219, 666 andneneEMbEY gyent g mﬁ@rqse%ténwgﬁn&ﬁnsfﬁe39?9‘81“?%%%‘1519%3'0{6&0te$dduct s

havi ng  al kenyj Q?Eth&e&m%ﬁ& bk %mo%legtﬁ%%%dsuwhﬁma& sl SubtableSites | N C
n See

groups per al kenyl - derived substitue e.g., U'S "Patent No.

-4, 234, 435) . 20npohydd ikgindedus aregiohlimitad iy diné fddlowaigso can be produced

ther mal |y also from high nethylvinylidene polybutene as disclosed in U S
Pat ent No. 4, 152,499. This process 1is further discussed in U S. Patent No.
5,241, 0035for the case where the succinic ratio

Polyether Polyamines

Examples of suitable polyetheramines include compounds having the following
structure:

20

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

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

about 50, and even more preferably from-about 15 to about 25 ether units.
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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 O 587 381,
and U. S. Patent No. 25 5,523,417 disclose a procedure for washing out the
pol ymal ei ¢ anhydride resin from polyal kyl ene succini c anhydri de prepared

f hi gh net e ‘ ini drid
W th a Sucot nk RoEer BERGmBR Lhih B Red b PR B T B ol ene
succi ni ¢ anhyuch decthylem dwiddy pragptylepie\oixindel, autbneyloné yhide.cixampiles dfipatyeitter can be

prepared essential.ly free of .chlofi.npe.. . Patent No. 4,6234,43 0.t eaches
B Erefor o FONYARE 5 SaH POk s s Cinh Bragd i) i oriae s aF RV BB ( V)
in the range WinsihaTapOMtiod RRGtel on ARAMLN3BAQs. FOr pol ybutenes, an
especially preferred nunber average (M) range is fromabout 1700 to about

2400. Thi 8 patent also teaches that the succinimdes nust have a succinic

ratio of at I, . That.. | 2 fhere shoul d be at, | eas .3 succinic

o oups per edonetramplent Stk poi R Mkt DB o oup wost
preferably, tpdyaslisetdihgouhad havishedlfellbgingk@etled to 2.5. 5 Qther suitable
al kenyl succinic anhydrides includes those described in U S Patent No.

6, 030, 930. Typical alkenyl used in the preparation are ethylene and
1- butene copolyners. (B) The Ether, Conpoynds 10 In one enbodi nent of the
present invention, the copol yner y further be reacted wth an ether

conpound capabl e of | Feli(Helywo SudcdChpiPae i O—suftasT ¥ 2t her

compounds include, but are not limted to/ptthe foll ow ng: 15 Pol yet her
Pol yam nes Exanpl es of suitabl e polyetheram nes include conpounds havi ng
the foll i ng structure:

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

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

or amino thiol.
Polyether Amino Alcohol

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

25  with alcohol termini.

Examples of suitable polyetheramino alcohols include compounds having the

following structure: -,
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20RLARI4ARI41 HRI HRHH I HRNHCOCGCCOCHNR n wherein R4 is
i ndependent |y hydrogen or a hydrocarbyl group having fromabout 1 to about
4 carbons, and n is the degree of polynerization. Generally the polyether
25 pol yam nes suitable for use in the present invention will contain at
| east about one ether unitR prefer nyRfron1about 5 to about 100, nore
preferably from about 10 toj"®about /50, 3ffd evkn nore préﬁ@rably f rom about
15 to about 25 ether units.|33 Hhel pol yét heH,gol yanmiHes

' OHpr opyl ene

pol ymers derived fronﬁﬁiftqéx 9kt .
oxi de, and butyl ene oxi de. of polyether polyanines are sold under

the Jeffamne(r) brand and are co ail able from Hunstman
Corporation located in Houston, Texas. 5 O hernexanpl es of suitable
pol yet heram nes i ncl ude pol yoxytetranet hyl ene pol yam ne conpounds havi ng
.the follow ng structure: H2N (H2C)30(CH2)4-Q(CH2)47- O (CH2)3 NH2 n1 10
wherein n is the degree of polynerization (i.e., nunber of nononer ether
units). Polyether Am ne_ Derivatives 15 Furthernpre, the copol yner reactant
may be react ethsRFIpRisnispedeperdratly adyAwean ephuirocashyl areupe hevinppbowpdiig et her
oo s 3" abgl AURbGR) Ak n AT Beglb Y IR AiBE AR, HR Pl 2! cone!
amino alcohols, suitable foruse in the present invention will contain at least about one

an be based on

ether unit, preferably from about 5 to about 100, more preferably from about 10 to

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

10 Other examples of suitable polyetheramino alcohols include

polyoxytetramethyleneamino alcohol compounds having the following structure:

H2N~(H20)3———04€(CH2)4'O>—(CH2)4-O————(CH2)4'—OH
n-1

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

Examples of suitable polyetheramino thiols include compounds having the following

20 structure:

Rig R1s R1g
’ Ho I Hy H,
HoN-~—C——C— 0——C——C ~— O C=——C~——8H
H \ Ho - / f
: n
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conpound are not conpletely converted to am nes during reactions, such as
reductive amination. Also, one may initiate a polyner chain (i.e. grow
propyl ene or ethylene oxide) froman am no group and therefore have an
am no on one end of the polymer chain (i.e. initiator) and an al cohol
term nus, or amm’ fals i i ; m ni.
Exanpl es of s‘ﬁﬁrabl eggéﬁ@% %%lpg aﬁgdﬁg?%@}?&ﬁgﬁy&% u?lbfrlr{){%u ggﬁﬁg\%{% t he
fol | owi ng st rin@bertd:cathpnRand RiShRdsgree dfpdlyi@iddfion. H2N-C-C O CC O C- C OH
n wherein R15 is independently a hydrogen or hydrocarbyl group, having
about 1 to 5 about 4 carbons, and n is the degree of polynerization.
General |y, -t h@thpohxehRe of s@HbRp R FRhahmo thidistiaélh@e for use in the present
invention will contain at |east about one ether unit, preferably from
about 5 t@ abwixoxyggamaiylenpgreine thipl Ravingghe flewing gruchreabout 50, and even
nore preferably fromabout 15 to about 25 ether units. 10 O her exanples of
sui tabl e pol yetheram no al cohol s i nclude pol yoxytetranethyl eneam no

al cohol conpounds having the foll gw ng stnucture: H2N (H2C) 3-0(CH2)4' 0 .
(CH2)a O (CH2)a OH n-1 15 whereifp n is the degree of polynerization.

- Pol yether Anino Thibr(Ex@lyptes0 GHap (Gldp)aer@mimf{CHelor 8H ncl ude

conpounds having the following 2§ struct ne:,l R15 R16 R16 | H2 | H2 H2 |

wherein n is the degree of polymerization.
10
Generally, the polyetheramino thiols suitable for use in the present invention will
contain at leést about one ether unit, preferably from about 5 to about 100, more
preferably from about 10 to about 50, and even more preferably from about 15 to
about 25 ether units.
15

Ether Polvamines

Ether Diamines

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

. isododecyloxypropyl-1,3-diaminopropane,
dodecyl/tetradecyloxypropyl-1,3-diaminopropane,

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

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

30  with ether triamines. Suitable triamines include the following:
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HZNNCC OCCOGCGCGSH n 35 wherein R16 is independently a hydrogen or
hydr ocar byl group, having fromabout 1 to about 4 carbons and n is the
degree of polynerization. O her exanples of suitable polyetheranmino thiols
i ncl ude 5 pol yoxyt etranet hyl eneami no thiol having the followi ng structure:
H2N- (H2C)3-0 4 (CH2)4-0 (CH2)4-O (CH2)4-SH n-1 wherein n.is the degree of
pol ynmeri zation. 10 Cenerally, the polyetheramno thiols suitable for use
in the present invention will <contain at |east about one ether 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.
15 Ether Polyam nes Ether Diamnes 20 In yet another enbodinent of the
present invention, the copolynmer may be reacted w th ether diam nes.
Suitabl e df anmines are reacted with the copol ymer, such as

decyl oxypropyl -1, 3-di am nopr opane, i sodecyl oxypropyl -1, 3-di am nopr opane,

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

dodecyl / t et radecyl oxypropyl -1, 3-di am nopr opane, 25 '
isotridecylox¥gropyl-l,3-dianinopropane,tetradecyloxypropy-1,3-dianinopropa
ne. Ether Tr¥amines In yet another enbodi ment of the present invention,

t he copol yner nay be reacted

Rl
R; z

10 NH;

"Wherein R' is C,-Cg;

wherein x+y+z = 1-85.
15

(i)

NH,
‘HoN




30 with ether triamnes. Suitable triamnes include the followng: 36 5 (1)
NH2Z NH2 ' z (R co:. y 10 NH2 Wierein R is CI-C6; wherein x+y+z =
1-85. 15 (ii) NH2 CH Oy H2N NH2 x O-Z CH3 CH3 H3C 37 wherein x+y+z =
approx. 5-6; Triamnes of this type may be purchased from Huntsnan :
Petrochem cal Corporation, 5 Wodlands, Texas. Polyether Polyol

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

‘Triamines of this type may be purchased from Huntsman Petrochemical Corporation,
5  Woodlands, Texas.

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

10 witha polyether containing at least two hydroxyl end groups to form an ester. The

polyether polyols have the following structure:

15
wherein R,7 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 polyoxytetramethylene polyol

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

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

HO—(H,€);—— O%(CHQ){ O}—(CH2)4—OH
, | n-1

25 wherein n is the degree of polymerization.

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




In yet anot her enbodi ment of the present invention, the copolyner may be
reacted 10 with a polyether containing at |east two hydroxyl end groups to
forman ester. The polyether polyols have the follow ng structure: RL7 R17
RL71 2| H 2 HOCGCCOCCOCGCGCGOH HHHnN 15 wherein R17 is

i ndependent | JYEARPRED QLoD g,g@ i Bud R gptan(; to
about 4 carb nzy gndﬂ% ?%‘9 ?1 ¥§}g e%le ?/% rﬂb%txi@o‘rl]tfy éxanpl es of
sui t abl e pol yeiyexytepramyidlyne gb&cuhe pol yoxyt et ramet hyl ene pol on 20
conpounds, such as those referred to as Terathane(r) which may be purchased

from DuPont Corporation, WI mngton, Delaware, having the follow ng

structure: H@lﬁhﬁ%@a&r&a@'ﬁél@c&ﬁ@%ﬁ% Rschtly (?M‘_;%quo[ye[het poliybe degree

of pol ynerization. Suitab et her s inclu but "are nof limited
to, the féll dwlr&gnerakkﬁsrq@ecﬁ@ny@hquyﬂ@h@ @loytﬁlﬂﬂ pisfopebly Sioapghosh80Qtoy col |

pol yoxybut yl %’B? gjoﬁgol and pol yoxytetranethyl ene glycol. The nunber

aver age nol ecul ar™ wei ght of the presently enployed pol yether polyol 5 wll
general |y range from about 150 to about 5000, preferably from about 500 to
about * 2000. Generaixﬂ%l t he pol yet her, conmpounds swtabl e for use i the
present i nver#§usl Ppowsw@amna@mdéa@fab&ﬁr@r asaa the present ipegieb M  r om

about 5 to at& ulagt??asm{ gtéﬁ?ﬂgﬁég Hﬁt%%o&@ldoonﬁp@ﬂfefeﬁbly and

even nore pre erred froma out et her
10 from about 10 to about 50, and even more preferred from about 15 to about 25 ether

urits.

Generally, the polyether compounds suitable for use in the present invention may be
derived from only one ether type or a mixture of ether types, such as
15  poly(oxyethylene-co-oxypropylene) diamine. The mixture of ether units may be
| block, random, or alternating copolymers. The preséntly employed ether compounds
are capable of reacting with at least two carboxylic acid groups or anhydride

denvatives thereof.

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

to form a mixture of imides, amides and esters.

(C) Aliphattc Compound

25
| In addition to the ether compound (i.e. polyether polyamine, polyether polyamine
derivative, polyether polyol, ether dimaines and ether triamine) above, the copolymer
is also reacted with at least one aliphatic compound capable of reacting with at least
one monocarboxylic acid or ester thereof; or dicarboxylic acid, anhydride or ester
30  thereof. Preferably, the aliphatic compound will contain one or more amino functional

groups or one or more hydroxyl functional groups or both.

Amino Aliphatic Compound
| 39




units. Generally, the polyether conpounds suitable for use in the present
invention may be derived fromonly one ether type or a nixture of ether
types, such as 15 pol y(oxyet hyl ene-co-oxypropyl ene) di am ne. The m xture of
ether units may be block, random or alternating copolyners. The presently
enpl oyed ether conpounds are capable of reacting with at |east two
carboxylic acid groups or anhydride derivatives thereof. 20 Generally, the
copol ymer ‘maynldditienad th ethiet borapatindt(ue. q)oqfet}m Iammﬁrcompbyﬂdyi 4bese, pol yet her
am no al cohol s Pﬁﬁgy t her am no thjols, et her yol s, ar ether

di ami nes to %Y econelymst mayialpede’ r%ﬁﬁt @tléﬁ’de%"%f)@? aliphatts comperh i ¢
Compound 25 vliﬁlclﬁﬁlqy%%aﬁa%éi]@hﬁﬁ@ﬁé ound (i.e. polyether polyam ne,
derivativ po yelé ﬁ

pol yet her polyam ne pol yol , ether di maines and et her
tri am ne) Sabove, the copolymer is also reacted with at |east one aliphatic

conpound capahl e of r.eac ast nocarbox l.i.c agjd or
cator ¢ her cortreapiy HERBH SimEound hey bt Thegou c3ptrHas 8@4&
Preferably, tah haaicuﬂmiamn&oqmaﬁmatwdmﬁe@t@l ANpRRE: lydmings &d _
functi onal roups or one or nore hydroxyl functional groups or both Anmi no

Aliphatic CorPﬁ lepg polyagdesst Abphatis mw@amlh@rmduﬁ@mmwla(mm% ethybangiseher

aromatic co :iﬁw naI | e reacted
with at Iearsnli)? e aﬁ ayff‘réoq’gtélr% Yﬂes lgﬁl & Sor%)gy meéfn%/ Tolbtf)%atlc

conpound.105 'Eh@l@l&‘ﬂﬂ?re&ﬁ'amﬂahw)wﬁphmldiﬁ@ z{rﬁnglbee@akze@mﬁfd) drogpnthdiés, gr oup
conprising of (a) aliphatic nonoan nes al i phat | c d| am nes, (c)
al i phati ¢ polPj#Rrhessesendagy, ané@ra)f@namvémarwrwwg e of diamiReani nes

incl ude met hyl RN EmeflI%iR8BEylamine, d;ethylyammopropylamme, dibutyl aminopropyl
| amine, dimethylaminoethylamine, diethylaminoethylamine, dibutylaminoethylamine,
1-(2-aminoethyl) piperidine, 1-(2-aminocthyl)pyrrolidone; aminoethylmorpholine,
15  and aminopropylmorpholine. Preferably, the aliphatic amine having a single reactive

amino group is N,N-dimethylaminopropylamine or aminopropylmorpholine.

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

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

25

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

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

- My, =number average molecular weight of the polyamine or polyamine mixture -

Suitable aliphatic polyamines include polyalkylene polyamines. Preferred

polyalkylene polyamines also contain from about 4 to about 40 carbon atoms, there
: : 40




propyl am ne and various hi gher am nes. Di am nes or polyam nes nmay al so be

- 10 enpl oyed. Preferably, they will have only a single reactive am no group,
that is, a primry or secondary, and preferably primary group. Suitable
exanpl es of diam nes include di nethyl am nopropyl am ne,

di et hyl yam nqpr opyl am.ne,. diputyl .am nopropyl. .am ne .

di met hyi am n%ﬂ%gﬁ%@ fragn By %9?&3?%39%“%?“&%%@‘? RAYABEShy | ani ne,

1- (2- am noet WyteferaplyPiRisiadiafdn-tb ritdoRArAREHNYbh AU 1 ePMRdut 10:1.

am noet hyl norphol i ne, 15 and am nopropyl nor pholine. Preferably, the

al i phatic amne having a single reactive amno group is

N, N- di et hyl gy oRVY].-am r ! y I | L , the
amno ali pha’?‘fj51 C o%’p@é#?%%ﬁf@d%g{yaﬁggﬁﬁét ha?rﬁ Et@%bgp %}t%{%g%%nh%ﬂgléﬂaém no
end groups 2hekamineraad hyavytpotyaptihy,3ky | (avslapll fy@niDwey Ohamighke@bdmpartyhan 4
am ne nitrogen, at ons per up to a nmaxi mum of csgggt 12 ami ne nitrogen

. .per ol e,
“atons per nolMidlapds Migligam, uch amipes GHEPRIRRSS MOSIFH M Fohethehdn 5 t o about
7 nitrogen at I=) I . } N E&elcT-Yo) er nol e of
pol yam ne is ‘cd cu'I%St%g ﬂgespr}_gﬁ%gsmﬁggnﬁfﬁ%g@ﬁ%fi ryr(?l}){ rogeFlfi‘l[oclftﬁcii)nsn = %NXx M
Per nol e of poldysatbyksubstitatciGiblyantieeei n 30 % N=percent nitrogen in
pol yam ne or polyam ne m xture Ma =nunber average nol ecul ar wei ght of the
pol yam ne or polyam ne m xture Suitable aliphatic polyam nes include
pol yal kyligne waky @&t ¥sn ol SirRark 4 sed%ﬁHéﬁ?'a'ﬁMh@ uP 4 YrR&inRaRe AdaGorf ONt ai N
fromabout 4 to about 40 carbon”atons, there 40 being preferably from2 to
3 car bon' at oreengigpnsarkijdretrachiometry Stmaldios suehithes oilsobbdityid paintained.
carbon-to-nitrogen ratio of fromabout 1:1 to about 10:1. Exanpl es of
suitabl e include the follow ng: tetraethyl ene pentam ne, pentaethylene

Hydroxy Aliphatic Compound

15 Inaddition to the ether compound (i.e. polyether aromatic compound) above,
optionally, the copolymer may also be reacted with at least one aliphatic compound

which may be a hydroxy aliphatic compound.

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

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

Suitable hydroxyl aliphatic compounds include, but are not limited to, ethanol,

isopropyl alcohol, isobutyl alcohol, tert-butyl alcohol, glycerol and the like.

Additionally, the hydroxyl aliphatic compound could be a polyether containing a
25  single hydroxyl end group. '

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

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

least one amine group and at least one hydroxyl group. Examples of such compounds
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5 hexam ne and heavy polyanlne HPA, (avail able from Dow Chem cal Conpany,
M dl and, M chigan). Such ani nes enconpass isoners such as branched-chain
polyanlnes and the previously nmentioned substituted polyam nes, including
hydrocar byl - substituted pol yam nes. 10 Wen nore than one prinary or
secondary am pen@d ePark RoPIARET: cthilol HRManSORshE ABBARN Shithe, and

st oi chi onetry shoul d be such at SO ub| 'ty i s maintal ned.

Hydr oxyAl i phahé bk€onmpound 15 In addltlon to the ether conpound (i.e.

pol yet her aromati c conpound) above, optionally, the copolynmer may al so be
reacted wth at | east one aliphatic compound which may be a hydroxy
aliphatic coqE%unQQOEﬁgcuggﬂomg{ mul tifunctional hydroxyl conpounds used
accordi ng to the process o the present invention may contain primry,
‘secondarydor tertiary al cohols. Suitable hydroxyl aliphatic conmpounds

i ncl ude, but a I tyl

al cohol , tertlﬂbu§lﬂﬁﬁt4 ﬁ{h(fgldco %/oggl%‘gﬁ@% H’e }1‘13?8@5’%8% I%;cig&{}&dj a‘ll'al%)gyt he
hydr oxyl ali piwtzatbveppdﬂpa]#}q: |ethdv dirfained st e uGaning) arhonaaadtlﬁS single
hydr oxyl end group. The droxyl conpound may al sop contain a hetero atom
such as sul f lpb@wgcomp%@ [ymsa mpyrbyo) be rearcted wih at feast epprpiamis
cont ai ni ng bqi,h. 3, AM ne Functlon and a Hydroxy Function |n another
enbodi ment of the present invention, the aliphatic conmpound nmay have at

| east ondOam ne group and at | east one hydroxyl group Exanpl es of such
conpounds |ln1 ed to, ethanol

am ne, triet I%FJFFgTalbg'nﬁW bgrtﬁﬁ?fr‘%f"p?g’t“}l‘ii KESe eﬂﬁfl %%ﬁ’&tr}aﬂ Rl ne OIPﬂ“C

addition to td&ﬁlp%&:ﬁt%rcoﬁﬁﬁﬁ@lﬂi'd (i.e. polyether polyam ne, poI yet her
polyanlne

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

| | — T
s @

" Rygis H, ~-NHaryl, -NHalkaryl, or a branched or straight chain hydrocarbyl

15

radical having from about 4 to about 24 carbon atoms selected from alkyl,
~ alkenyl, alkoxyl, aralkyl or alkaryl; R(2)19 is --NHz, --(NH(CHa) n)mNHa,
20 NHalkyl, -;NHaralkyl, --CH, --aryl--NHj,, 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.

Particularly preferred N-arylphenylenediamines are N-

25 phenylphenylenediamines (NPPDA), for example,
N-pheny!-1,4-phenylenediamine, N-phenyl-1,3-phenylenediamine, and N-
phenyl-1,2-phenylenediamine and N-naphthyl-1, 4—phen};ienediamine. Other
derivatives of NPPDA may also be included, such as N-propyl-N'
-phenylphenylenediamine. -

30 _
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derivative, polyether polyol, ether dinaines and ether triam ne) above and
the aliphatic conpound, the copolyner may al so be reacted with at | east
one aromatic conpound. 10 Preferably, the aromatic conpound is sel ected
fromthe follow ng group of aromatic conpounds consisting of: (a) an
N-aryl phenyl epgdi affy; %‘@}We la: 15 /R20 R18 / \ HN R19
R18 is H, --h@ry?@lﬁﬁ%ﬁg%yl, %gtégy%itgﬁgﬁglgmgr strai ght chai n hydrocar byl
radi cal having fromabout 4 to about 24 carbon atons sel ected from al kyl,

al kenyl , al koxyl, aral kyl or alkaryl; R(2)i9 igs.--NH2, --(NH(CH2) n)mMH2, -

20 NHal kyl, --NHaral kyl, -- st n and m each have a
value from about 1 to abou Khd | al kenyl
al koxyl , “aral kyl, oral kar bout 24 carbon atons.

Particularly preferred N-a
phenyl phenyl enedi am nes ENPFDA) , _
N- phenyl - | , 4- phenyl enedi afli ne\=K merydlZnedRami ne, and N-
phenyl -1, 2- phenyl enedi am ne and N-naph -1, 4-phenyl enedi am ne. O her
derivatives of NPPDA may al so be includgd, such as N propyl-N

- phenyl phenyl enedi am ne. 30 42 (b) am ndcarbazol e represented by the
fornul a: NHZ H

5 -in which Ry, and Ry, each independently represént hydrogen or an alkyl or

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

() an amino-indazoli_none represented by the formula:

10

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

carbon atoms; and

15 (d)  an aminomercaptotriazole represented by the formula:

H
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R21 RR2 N5 in which R2I and R22 each independently represent hydrogen or:
~an al kyl or alkenyl radical having fromabout 1 to about 14 carbon atons,
(c) an am no-indazolinone represented by the formula: O NHZ HN R23 10 in
which R23 is hydrogen or an alkyl radical having fromabout 1 to about 14
carbon atons; and 15 (d) an am nonercaptotri azole represented by the
formula: N NH2 SH ~~f N H 43 (e) an am noperim di ne represented by the
formula: NHZeN i adHminéR4imiBine mepsbsented B24he fopmekent s hydrogen or an al kyl
radi cal having fromabout 1 to about 14 carbon atons; (f) an
aryl oxyphenyl eneam ne represented by the formula: 10 R27

NH,

NF

\
—— Ru

F

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

LY

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,

15 alkoxyl, aralkyl or alkaryl; Ryg is ~-NHj, --(NH(CHz2)y)m NHa, --NHalkyl, or -
NHaralkyl, in which n and m each have a value from about 1 to about 10: and
Ro7 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from about
4 to about 24 carbon atoms; provided that when Ry;s is hydrogen or a branched
or straight chain radical having from about 4 to about 24 carbon atoms

20 selected from alkyl, alkenyl, alkoxyl, aralkyl or alkaryl, then Rys must be NH;
or --(NH(CH3),)mNHa, -CHy-(CHy), —-NHa, or —-CHa-aryl-NHa.

A particularly preferred afyloxyphenyleneamine is 4-phenoxyaniline;
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Rzs/ R26 in which R25 is H, --NHaryl, -NHal karyl, or branched or strai ght
chain radical having fromabout 4 to about 24 carbon atons that can be

al kyl, al kenyl, 15 al koxyl, aral kyl or alkaryl; R26 is --NH2, --(NH(CH2)")m -
NH2, --NHal kyl, or -- NHaral kyl, in which n and meach have a value from

about | to a ;%%%g,ﬁ %gmgal Xyl ,

aral kyl, or ggtg?é@maﬁggﬁﬁggonﬁ mlsa out ﬁ&n?tgé %%S 24 ¢ rab%l% g'??)ms

provi ded that whepncsB8d by theyfdlogag formaelabr anched or strai ght chain radical
havi ng from about 4 to about 24 carbon atons 20 sel ected from al kyl,

al kenyl , al koxyl, aral kyl or alkaryl, then R26 nust be NH2 or --(NH(CH2)"
), NH2, -CH2-(CH2)" -NH2, or R i |y Rpeferred

aryl oxyphenyl eneam ne i s 4-phen orrati c anine
conprising two aromatic groups, Rent ed by the
following formula: R30 \/---Y3 3 5 wherein L is
selected from-0-, -N=N-, -Nid¢, -CH2N &, -Sm;2-,

- SO2NR29- _or SOZNH- wherein R28 and R29 |ndependently represent a .
hydr ogen, San al kyl, an al kenyl or an al koxy group having fromabout 1 to

about 8 carbon atons; 2. angL Y ently N
or CH provided  that Yi&@l{}ﬂéﬁ%ﬂﬁ%‘?kﬁ%}@/&ﬁ%{%ﬁy %{ Ngﬁ R YRR, LOASRans

C(O)O- -SO;- -SOzNRzg- or —SO;NH- wherein R.23 and Rzg

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

group having from about 1 to about 8 carbon atoms;

10
wherein each Y, Y2, Y3 and Y4 are independently N or CH provided
that Y; and Y, may not both be N;

R3p and Ry independently represent a hydrogen, alkyl, aryl, alkaryl,
15 aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SO3H, -

S03Na, CO,H or salt thereof, -NR4;R4; wherein Ry; and Ry are

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

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

SOsH or -SO3Na;

R34 represents —NH,, -NHR35, wherein Ras is an alkyl or an alkenyl
group having from about 1 to about § carbon atoms, -CH,-(CHz)n —
25 ' NH, or —-CHy-aryl-NH; and n is from 0 to about 10;

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

aminobenzothiazole, aminobenzothiadiazole and aminoalkylthiazole;

30
(i) an ammomdole represented by the formula:
' 45 -




R30 and R31 i ndependently represent a hydrogen, alkyl, aryl, alkaryl, 15
aral kyl, al koxy, hydroxyal kyl, aminoal kyl, -OH, -NO2, -SO8H, - SO3Na, CO2H
‘or salt thereof, -NR41RA2 wherein R41 and R42 are independently hydrogen,
al kyl, aryl, arylalkyl, or alkaryl; R32 and R33 independently represent a
hydrogen an al kyl, an al kenyl or 20 an al koxy group having from about 1
to about 8 carbon atons, -OH, - SO3H or -SO3Na; R34 represents NH2, -NHR35,
wherein R35 is an alkyl or an al lBeseyl ~group having fromabout | to about 8
carbon atons, -CH2-(CH2)" - 25 NH2\er~-CH2-aryl-NH2 and nis fromO to
about 10; (h) an am nothi azole s Y m—tHe group consisting of

am not hi azol e, anlnobenzothbm s i adi azol e and

am noal kyl thi azole; 30 (i) an arg sented by the formula: 45
R36 -H2N N wherein R36 represents ﬁ an al kyl or an al kenyl group
having 5 fromabout 1 to about 14 carbon atons; (j) an am nopyrrole
represented by the formula: R3s~~i \\> -R3 NH2 N H 10 wherein R37
represents a dival ent al kyl ene group havi ngHabout 2 to about 6 carbon
atonms and R38 represents a hydrogen, an alkyl or an

wherein R3¢ represents a hydrogen, an alkyl or an alkenyl group having

5 from about 1 to about 14 carbon atoms;

.(j) an aminopyrrole represented by the formula:

Rag \\@\/Z Ra7—NH;
|

H
10
wherein R37 represents a divalent alkylene group having about 2 to
~ about 6 cérbon atoms and Rjg represents a hydrogen, an alky! or an
alkeny! group having from about 1 to about 14 carbon atoms;
(k)  aring substituted or unsubstituted aniline, such as nitroaniline or 4-
15 aminoacetanilide;
0] an aminoquinoline;
{m) an aminobenzimidazole;
(n) a N, N-dialkylphenylenediamine;
(0) a benzylamine; and
20 _ {p) a benzyl alcohol.

The compounds described above rin (g) — (0) are substantially described, for example,
in Published U.8S. Patent Application No. US20060025316, the disclosure of which is
herein incorporated by reference.
25 | |
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al kenyl group having fromabout 1 to about 14 carbon atons; (k) a ring
substituted or unsubstituted aniline, such as nitroaniline or 4- 15

am noacetanilide; (1) an am noquinoline; (m an am nobenzi m dazole; (n) a
N, N-di al kyl phenyl enedi am ne; (0) a benzylam ne; and 20 (p) a benzyl

al cohol . The 1 i e in v I, Lally
descri bed, foﬁ%g% g%@pﬁ%cggﬁiﬁégﬁ?@ﬁé’%d@c? {)g}é%eélnat(!&gfpoglll?g a‘#?%%ﬁ%{.’vﬁh
US2006002531 Geacli tuherd Osledr asamigticaimings ¢ ihdudd@ich iamind3 e aptiatisitnpldmine.
reference. 25 46 The. above-described anm ne conpounds can be used al one or
i n conbi nat i ore§§ #ddtionalamisesean bednpladed o Fyenety SATeRSetan i ncl ude such
am nes as am nodi phenyl am ne. These additional am nes can be included for-
a variety of reasons. 5 In one enbodiment, the preferred aromati c am ne
conpound Bs dnpheembbdimet, flrgnyleand dioamticentne ghvepamdaneikien®l- More

referred , th ropati.c am ne, conpound .i.s N | phenyl enedi ani ne.
Ilgart icularly a&ﬁgﬁwréﬁﬁélwlrﬁrﬁlpaw%ﬁgﬂil\lgﬁrier?égégfa& &‘ﬁémmaml amine

N- phenyl phen%ﬂi&@&i@i@mﬁﬁrlph%ﬂﬂ_@n&ﬁarﬁﬂé. P ASNASy }i)ﬂé‘ferre_d N-
phenyl - 1, 4- phenyl enedi am ne, henyl - 1, 3- phenryl enedi am ne, and
N- phenyl - 1, 2-aryiphesilengdiemings are the N-phenglpberylensdiamines, sudheasforeamplel N-

aromatic co i -(4-nitroph | az ni.l i ne, ..4-phenyl.azoanli.ng,
% (4 am nopndio-aEatenagi R RERE i obesh Heneqi RN PR
4- phenoxyb amphkhayléredmige.ni troniline. 15 Method of Making the Lubricating
O Additive Conposition
In one embodiment, the preferred aromatic compound is 4-(4-nitrophenylazo)aniline,
4-phenylazoanline, N-(4-aminophenyl) acetamide, 4-benzoylamine-2,5-
dimethoxyaniline, 4-phenoxyl aniline, or 3-nitroniline.
15
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), (if) and (iii) as described

20 herein) in a reactor, optionally under a nitrogen purge, and heating at a temperature of
from about 80°C to about 170°C. Optionally, diluent oil may be charged optionally
under a nitrogen purge in the same reactor, thereby producing a diluted copolymer
reactant. The amount of diluent oil in the ‘diluted copolymer is up to about 80 wt. %,
more preferred from about 20 to about 60 wt. %, and most preferred from about 30 to

25  about 50 wt. %. An aliphatic compound, an aromatic compound and an ether
compound are charged, optionally under a nitrogen purge, to the reactor. This mixture
is heated under a nitrogen purge to a temperature in range from about 130°C to about
200°C. Optionally, a vacuum is applied to the mixture for about 0.5 to about 2.0 hours
to remove excess water.

30
The lubricating oil additive composition éan also be made using a process comprising
simultaneously charging all the reactants (reactant copolymer (i), (ii), or (i11); the
aliphatic compound; the aromatic compound; and the ether compound at the desired
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The lubricating oil additive conposition is prepared by a process
conprising charging the reactant copolyner (e.g., at |east one of
copolynmers (i), (ii) and (iii) as described 20 herein) in a reactor,
optional |y under a nitrogen purge, and heating at a tenperature of from
about 80C to I y. h ionally
under a nit rolgtgn %ﬁjtﬁg%mtg?tdn%go grlrllle(}/r? 8g%:l&c%g&%nﬁ§e¢agﬁr% Chg%gﬁc%gggvag% ut ed

copol yner r aampanture tbifaci hlarunixigf ardirtkattioh. AQistatic Mniké&ecad ibe weatodagitaygrer i s
nore preferred, fromabout 20 to about 60 wt. % and

up to about 80 w. 94
nost preferr é'alxmgcgf]t%eo@mtarg@aq €Y Sreahﬁ"glﬂt chgrgedto thpreagiora il heFeastion is 6awisdnd,
an aromati ¢ GRFRPUBS MBI rs Bﬁnﬂéﬁoﬁﬂ:ﬁgt eg30°@ blLpffbye@nder a

ni trogen purge to the reactor. s m X ure a nitrogen
purge to a tevpmnaliya eadunnyiaapsicdrio theaauion IRQAMre durddgptht: reaZﬁ&Cpermmtl onal ly,
a vacuumis applied to the m xture for about 0.5 to about 2.0 hours to
renove excess water. 30 The lubricating oil additive conposition can al so

be made usi ng\NﬁerpirPcﬂﬁfhﬁtl@WduﬁH%ar&hM &cﬁrﬁiﬁ‘&&iﬁ'a&‘b&ﬂh%@érﬁﬁlozéd in'the
reactants (reactant copolynmer (i 11i); al 1 phatic corrpound

the aromatic m@nwdumﬂoaﬁnﬂ Whenmomelsla@oﬁ@ﬁmntjoraﬂ growp isiprskenédndiie rati os into
t he reactor. .t he r actants can arge eyat ed

o ey ature comPadd i st Sl BRGH ARARy SRR AR BTR KR 2 50
to facililpat eclubiliy Rondlhtaided. Feashmpleswhén fRifuddtRnbiedl ipfateha; ngﬁﬁinﬂﬂ t he
reactor. The reaction is carried out for about 0.5 to about hours at a

t enper at ur e fFEMtEFOMPOREBEr tbathuase usedpthodinksr gyeup Girtal thg pelyethenapmnogndbpl i ed

to the react i 08 ubothifyhellicdihetaBR; d %%Cea'tgﬂle@@{dt(gxdﬁ st G hoBRA R HAA

conmpound, an aronatfc conpoun re enplo present
i nvention ando wiitiomof the rivdifundtivnhLusnipoandd. Fgrthermors thy etsiehiomeirytsheuld
conpound(s), .the rtﬁact on cor‘}ﬂltl ons a d/ or stoichi ometrﬁﬁshoul d be such

that oil 10 $6i5UH) Ppiyhendhemuiifupctional stiphatic compandyHemane FRPPIRE YT onal
al i phati gscomggingd Ehar%&f QR ¢ aaﬁctﬁﬂ TREH AR &A1 P Abblt BRE nibi&ie dfi€adiivBker group
(i.e., the polyether conpound)

monoethylenically unsaturated mono- or dicarboxylic acid functions per molecule of

the multifunctional compound(s). This reaction order and stoichiometry reduces

‘excessive crosslinking by limiting the number of unreacted monoethylenically

unsaturated mono- or dicarboxylic acid sites relative to the number of reactive sites on

20  the multifunctional aliphatic compound, aromatic compound or both. Reduction of
excessive crosslinking may decrease the probability of gel formation and therefore

increase the probability of oil solubility.

In one embodiment of the invention, the non-free radical catalyzed reaction product
25  of compound (i)(a) and compound (i)(b) or (i)(c), which is contacted with

either copolymer (i) or copolymer (ii) or both, may be contacted in the presence

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

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

30  Lubrcating Qil Composition

The lubricating oil additive composition described above is generally added to a base
oil that is sufficient to lubricate moving parts, for example internal combustion
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and the copol yner are preferably charged to the reactor first and al |l owed
to react prior to addition of the nmultifunctional conmpounds. Furthernore,
the stoichionetry should be such that when the nultifunctional aliphatic
conpound, aromatic conpound or 15 both are charged to the reactor, there is
general ly ab : I : I : I; | at ed
nono- or dicar g%g/]’l e(H:R ’a%ﬁvjﬂ aﬁlij‘r}]l%s{;, ﬁ5§§?¥3}§“%}?§§ﬁ1§*§w‘f‘ﬂ’? ﬁr‘r)ﬁflﬁ'? ;ﬁ% Eﬁ{:eti onal
conpound(s). pibsent meation@omprissra maydr ahoure if anreil Y lubeidatigsviscexiteas] v e
crosslinking by limting.the nunber, of .unreacted. nonoethylenically

unsat ur at ed n‘Bﬁ’é’f mBPu'Hi."gQFHB}?&HaP’&g ail pddilye eQMpetia™ ve to t he nunber of
reactive sites on 20 the nmultifunctional aliphatic conpound, aronmatic
conmpound or both. Reduction of excessive crosslinking may decrease the
probabi |'i oy ofbeguise pibemnloyehman e ameokd wids vaiﬁnbfrcéa)ﬁeog hibripatisigabisdosityy of o |

lubility. | ' t of the i t] t he,. - f di.cal
catal yzed ol B BObEete Vi buiBsht AR fomp SR RRBURER F b or
(i) (c), whichsyhtheObIAA BMe vil hhvigk h RECoSSNA 2y [Aast A3 3Stat 4CTPAYATBFur poink OF
both, may be contacted in the presence o cqr;%onents (C). and (D) (i.e. the
Ad)

al'i phati c corlisémd0%n araferablymb srkelew O3hpe datiseblep Thobase @1l maydgdictiveh of |
conponent (B)g. (. e ound). 30 Lubricating Ol Conposition The =
| ubri cati ng ofir mgglﬁ%t?voé%%%?n%ggﬁfq%m descri bed above is generally added to ‘
a base di0l that is sufficient to |ubricate noving parts, for exanple
internal conbustiogn 48 engi nes, gears, and transm ssions. Typically, the
| ubri cat i ngngYIFneE’g H%g}ft“%?ﬁ tﬁ? bass il ip this éﬁienv?w@ﬁlelﬂ%rfow%mﬂ)f%é@méﬁ%ﬁj or
amount of an Phinedic! heddil [ ks i Nelals Wﬁl Riont he
l'ubri cati ng OI%P a%ic%gmgﬁg&%gg?tﬁezﬁaﬁ@%h@gggbgﬁ} grrp oy E Smgl))r/1 be any of
a wi de vari etSyntifetioiollsinofudk,ufor exzatpile) doth Inciosdarhon syitthetibeiseandi synthfetic

| ubricating viscosity. used,in such c osi ti ons .na e mneral.oils, or
synt het1 o ISTErg LG heshofiaging BF Bevier v oanibatbpasspos s bdic G aoc
and a poys PGh#M inci%@!;, de’%@ﬁ%pld%ﬂi ﬁfeﬁﬁ%& fidin Ok p@%rhib\ﬁz%n df%ﬂﬁ@@ﬂe{ able. The

base oils nmay be derive _
_ polyalphaolefin or PAO oils, or oils prepared from hydrocarbon synthesis procedures

using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch

process. Useful synthetic hydrocarbon oils include liquid polymers of alpha olefins

having the proper viscosity. Especially useful are the hydrogenated liquid oligomers
20  of Cs to Cjpalpha olefins such as 1-decene trimer. Likewise, alkyl benzenes of proper

viscosity, such as didodecyl benzene, can be used. Useful synthetic esters include the

esters of monocarboxylic acids and polycarboxylic acids, as well as mono-hydroxy

 alkanols and polyols. Typical examples are didodecyl adipate, pentaerythritol

tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like. Complex esters

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

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

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

Othe_r Additives
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fromsynthetic or natural sources. 10 Mneral oils for use as the base oi
inthis invention include, for exanple, paraffinic, naphthenic and ot her
oils that are ordinarily used in lubricating oil conpositions. Synthetic
oils include, for exanple, both hydrocarbon synthetic oils and synthetic

esters and m : i g?ﬁl‘ LSGOS]
synthetic oi I?%ﬁ%&%ﬁgﬁlﬁgg&% %%ng}g?rp e,ﬂl%ﬁ%b%rgggg}{eég“wg%ﬁtg gp%

pol yneri zat i dre fatoreblyyehmpheyed ipthe padsphidalaiion, ThesPd@ngildsof additived are pr epar ed
from hydrocar bon. ,synthesi s procedur.es .using.carbon ponoxide.and hydrogen
gases such asprPWdﬁa/fﬁ’i ’DHW-‘ B PESFL i protiew bu YGT“WH’(‘WE@?&O i¥dritcar bon
oils include liquid polyners of alpha olefins having the proper viscosity.
Especi al | y usgeful Megl bberdaydr ogenated |iquid oligoners 20 of C6 to Cl2

al pha ol efins such as 1-decene trimer. Likew se, alkyl benzenes of proper
vi scosityS such as didodecyl benzene, can be used. Useful synthetic esters

include the esterg ffiz &ﬁ‘ﬁﬂ LR Idiggﬁy?g% %_ﬁe&ygh&%*eg’ca%ﬁn%ﬁXilge&r'lg&éfg%%cdas

wel | as nono- hydroxy al'kanol's an I cal eX es a ecyl .

adi pat e, pent aer ytdutfoh@ts, bbrated 3cHpia&! sulfifize? ocilRylfiné2cd imaslisphd ef
di l auryl sebacate, and the like. Conplex esters 25 prepared fronf{hmgﬁgt ures of
mono and di car boxyPHE-hydrery allyd onalkenyd sepmatisyrampryndsadliyd i jalkeay i ey pe

used. Bl ends of mpehak, '#oﬁ%}wﬁg@gﬁiah hethGiRhibel Ak 0?@(%#’%1% Hhenatdshus,

the base oil can be a refine in type base oil, a retined naphthenic
base o0ill0 or a symtthledalts ofylkkmoieachdsnmetal saits-off yal iy hortedkenyl multfacidybnd cat i ng
viscosity. The 30, base oi) .can also be _a mxture of mneral and synthetic
oil's. Other AdditiShe®icsh yPIGRL BiHeS hetPti ve conponents are exanpl es of
sonme of the conponents that can be favorably enployed in the present
invention. These exanpl es of additives .are provided to illustrate the
present invention ABUPX4EY are not intended to limt it: 1. Metal

Det ergents

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

15 which deterioration is evidenced by the products of oxidation such as sludge
and varnish-like deposits on the metal surfaces and by an increase in viscosity.
Examples of ant{—oxidants useful in the present invention include, but are not
limited to, phenol type (phenolic) oxidation inhibitors, such as
4,4'-methylene-bis(2,6-di-tert-butylphenol), 4,4'-bis(2,6-di-tert-butylphenol),

20 4,4'-bis(2-methyl-6-tert-butylphenol),
2,2'-methylene-bis(4-inethyl-6-tert-butylphenol),
4,4'-butylidene-bis(3-methyl-6-tert-butylphenol),
4,4'-1sopropylidene-bis(2,6-di-tert-butylphenol),
2,2'-methylene-bis(4-methyl-6-nonylphenol),

25 2,2'-isobutylidene-bis(4,6-dimethylphenol),
2,2'-5-methylene-bis(4-methyl-6-cyclohexylphenol),
2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol,
2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert—l-dimethylamino-p—cresol,
2,6-di-tert-4-(N,N'-dimethylaminemethylphenol),

30 4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-methyl-6-tert-butylphenol),
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5 Sul furized or unsul furized al kyl or al kenyl phenates, alkyl or alkenyl
aromatic sulfonates, borated sul fonates, sulfurized or unsulfiuized netal
salts of nulti-hydroxy al kyl or al kenyl aromatic conpounds, al kyl or

al kenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized al kyl or

al kenyl naphthenaﬂﬁﬁ?qﬁahﬂnghggﬁ%ﬁgﬁghOﬂ%éﬂﬁg%ﬁgggfl ;mﬂptal salts of an

al kyl or al kenyl i"aci em cal srcal” mxtures thereof. 2.
Ant i - Oxi dant s Ant i big(8]5ddines-busduceydrire/beesitle Dipheailanineetypd oithitort O
deteriorate in senv]%e 15 which deterigration is evidenced by the products
of oxidation such BRibEpiFARdudes Rt ara ppl lgnLied tealkdlaisd dichepylampe, et al

surfaces and by any LAR%En | 1.SCOST LW, @JrP_ ’p 5. | = O Xd sef ul
in the present i n\r})er?t on | ncd[p?}glé'!ﬁlglgté’ %%iealk%@ti ﬁlé{l%élﬂtﬁg%lhlgﬁ'ex?gﬁep@%e
(phenol i cp oxi dat i drxidatibbirthiitors Swhide awetal dithiocarbamate (e.g., zinc

4,4' -nmet hyl ene-bi s(.2.6-di -tert-hutyl phenol))., .. .

4. 4" -bis( g 6-di -t é&%}ﬁ{%ﬁ&ﬂgﬁ;ﬁ,symg%ygne&é(dlbutyldlthlocarbamate).

4,4" -bi s(2-nmethyl -6-tert-butyl phenol),

2,2 -nmet hyl ene- bi s(4- et hyl -6-tert-butyl phenol ),

4,4' -putyl i dehe- bi“é‘%tg%ﬁﬁpmﬁ-tert- but yl phenol.),

4,4' -isopropylidene-bis(2,6-di-tert-butyl phenol),

2, 2" -met hyl ene- bi s(4-net hyl - 6- nonyl phenol ), 25 ] _

2, 2' -i sobut yl i deneAbihsit damde dinpkeshthicphageots)reduce wear of moving metallic parts.

2, 2" -5-nmet,hyl ene- hi s(4-nmethyl - 6-cycl ghexyl phenol,) ,.

6o di -1t butyl AR e et on R BrES Rt Hroired o mhespiaies e

2, 4-di net hyl - 6- t erthiophésphateh @ialts hePedti cakiitatds; EHidrS i halyBRnimcr esol ,
2,6-di-tert-4-(N, N -di nmet hyl am nonet hyl phenol ), 30

4, 4" -t hi obi s(2- meteeyipl&es.ert - but yl phenol ),
2,2"-thiobis(4-nmethyl-6-tert-butyl phenol), 50

4, Rust Inhibitors (Anti-Rust Agents)
15 |
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 ethet,
| 20 polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol

mono-oleate, and polyethylene glycol mono-oleate.
b) Other compounds: stearic acid and other fatty acids, dicarboxylic
acids, metal soaps, fatty acid amine salts, metal salts of heavy sulfonic
25 acid, partial carboxylic acid ester of polyhydric alcohol, and
phosphoric ester.

5. Demulsifiers

- 30 Addition product of alkylphenol and ethylene oxide, polyoxyethylene alkyl

ether, and polyoxyethylene sorbitan ester.
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bi s(3- et hyl - 4- hydr oxy-5-tert-10-butyl benzyl)-sul fide, and

bi s(3,5-di-tert-butyl-4-hydroxybenzyl). Di phenyl am ne-type oxi dation

i nhibitors include, but are not limted to, alkylated di phenyl am ne,

phenyl - al pha- napht hyl ani ne, and al kyl at ed- al pha- napht hyl ami ne. O her types 5

of - oxi dati on g nhi Al (e.g., zinc

di t hi ocar banagt e), @xﬁ%ﬁ%ﬁr%{l t %f‘%"%ut@fm t?}ﬂ[%?:ng bamat e). 3.
Anti-Wear Agents As their narre |an i es, these agents reduce wear of noving
metallic parts. of . such agents include, .but not |rrited
to, phosphates an Hgﬁ?% %Pmé‘cnﬁg ag]ﬁﬁ?éﬁtﬁ‘f@%%ﬁ@@“méﬁ?ggﬁaf%gn ¥ehters,
and. ol ybdenum ool a8 ey 4y RUApnHNLIIQ kMl BrSeadSR N rinalcd 2)

Noni oni ¢ pol yoxyet hyl’ene surface act ve agént s:” pol yoxyet hyl ene | auryl
et her, poPyoxyet hyllaplntbalmeglﬁfeorcall@dmij/mbxm 1ea¢a1hgmk§mtdmttamélzedmmyl phenyl
et her, pol yoxyet h oct | Leth eth ary
et her, pol yoxyet hi’f’%ﬁ@ Y 8fe h Egﬁphatfﬁ%é%}@%?%’%ﬁ%ﬁﬂa@ Q‘érrtg %‘TOSS}IE&
nonost ear at e, pol yoxyet hyl ene sorbi tol nono-ol eate, and pol yet hyl ene
gl ycol nono- oI eate. b) QG her conpounds: stearic acid and other fatty acids,-
di carboxyl i ¢ 7- aci d¥ictioeMadifissaps, fatty acid anine salts, metal salts of
heavy sulfonic 25 acid, partial carboxylic acid ester of polyhydric
al cohol, and phosphoric ester. 5. Derulsifiers 30 Addition product of
al kyl phendl and etayty eleehalxfatts acidabieaiy sadidyib@narialakid| olertdort andanikr fatty -
pol yoxyet hyl ene sorhitan _ester. 51,

acids or salts thereof), amine, borated ester, other esters, phosphates, other

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

3. Multifunctional Additives
15
Sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
organo phosphorodithioate, oxymolybdenum monoglyceride, oxymolybdenum
diethylate amide, amine-molybdenum complex compound, and
sulfur-containing molybdenum complex compound.
20

9. Viscosity Index Improvers

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

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

11. Foam Inhibitors

Alkyl methacrylate polymers and dimethyl silicone polymers.
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6. Extrene Pressure Anti-War Agents (EP/ AW Agents) Sul furized ol efins,
zinc dial ky-1-dithi ophosphate (primary alkyl, secondary alkyl, and aryl
type), diphenyl sulfide, methyl trich lorostea rate, chlorinated 5
napht hal ene, fl uoroal kyl pol ysi | oxane, | ead naphthenate, neutralized or
partially neutralized phosphates, dithiophosphates, and sul fur-free
phosphates. 7. Friction Mdifiers 10 Fatty al cohol, fatty acid (stearic
acid, isostedri c adéd Dedceivatogci d and other fatty acids or salts thereof),
am ne, borated ester, other esters, phosphates, other phosphites besides
tri- and di-hydrocarbyl phosphites, and phosphonates. 8. Mil.tifunctional

Additives 15 Sul frgds; ﬁ]gaj QHH% Lt h) Rgga;e, sul furized
oxynol ybdenum organol?cgﬁ%és?% or(%]g‘gﬁl oa ég,uﬁ%fyeﬁ%{ry ehum nonogl yceri de,
oxynol ybdénum di endiydpadtenasthidecles nhindiaradé géadeinives, andplcecaptbepanitthzolead
sul fur-cont ai ni ng nol ybdenum conpl ex conpound. 20 9. Viscosity |ndex

I nmprovers Pol ynet hacryl ate type pol yners, ethyl ene-propyl ene copol yners,
styrene-isoprléne dipmrysmer s, hydrated styrene-isoprene copol ymers; 25

Poi it *Dopr bssant s ASEY FERH sk PicBimidse mPg bt PR BiEesFs Al Ky
met hacryl ate pol Y Bfpofi, ke Boirinides M RA ¥Bst treatifont it VityRine
- carbonate or boric acid, esters of polyalcohols and polyisobutenyl succinic
10 anhydride, phenate-salicylates and their post-treated analogs, alkali metal or
mixed alkali metal, alkaline earth metal borates, dispersions of hydrated alkali
metal borates, dispersions of alkaline-earth metal borates, polyamide ashless

dispersants and the like or mixtures of such dispersants.
15 Method of Use of the Present Invention

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

engine with the lubricating oil composition of the invention.

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

fuel concentrate, using an inert stable oleophilic solvent beiling in the range of about

53



Di sallcylldene propyl enedi am ne, triazole derivatives, 5

mer capt obenzot hi azol es, thi adi azol e derivatives, and

mer capt obenzi m dazol es. 13. Dispersants Al kenyl succinimdes, alkenyl
succinimdes nodified with other organi ¢ conpounds, al kenyl succini m des
nodi fi ed by R3gt . . b: I ters
of pol yal coho 24};??@ yi SO &Fge\é%gdg?erﬁt%%g&}ﬁgga (rglh{illée)é,?lr'Jllgse&“{:ﬁe(ii ran%é.
phenat e- sal i Pyéfatably, am&h;iﬂaﬁc br mbmhneﬁyﬁdcabaﬂx aigent & dead,isutlehehs or m xed
al kali metal, alkaline earth nmet.al borates, dispersions of hydrated al kali
metal bor at eg’enﬁng’ﬁgﬂ‘gﬁl%% ep¢ onhighgrrhodlingsaromaties of arerBatis tBuneiSol yani de
ashless dis ersants. 15

Met hod of Usgﬁ @%@c@%ﬁeﬁr}?%ﬂnﬂ;@nté%w&rﬁ%% %giﬁ?ﬁgﬂm > additive
conposi tidn @ifobulyb:ammﬂembuianwlemﬂ|thmhkesmaxidénhanon anthdiydrahirbohisblvientataieang

viscosity thereb uci rca ing osition, The |u rlcatlng
oi | conposit it [?ﬂ ﬁ’gﬁ’t‘% 5% %@ﬁ g?‘?é%ﬁlead Fthsr Mﬁ&‘e E@ESP@?}MG mﬂ@l’}&}r‘% _
the present a3@itivOWaNbE SrirasilyPtISuselh I%%ij Qdigh® afd @fe ? Rt ekd¥Bd 99 bABy Soot

di spersancy, sludge dis sancy or both inan in combustion engine
whi ch conpri m@pﬁﬁfﬁtﬁbggﬁ'@mé to SAgnd aank preferpllyfigor @ e 2¢t. 361 conposi tion
of the invention. Optionally, the lubricating oil additive conposition
descri bed above nmay be used as a 25 fuel additive. Wen used in fuels, the
proper cofceMhe &llovvin®éxdntesmtepidsaed wallustfate sReERTAMdinRerACHE thise t he
.desired detergency is dependent upon a variety of factors including the
type of fuel I}&a@on W%F@é@rbéé%ﬁmé@ Hb@nYd‘é%)é?E‘g]wﬂ%lgdhe woppaf&snt s or ot her
additives, ehﬁ, g%Qerally, however, the range of concentration of the
additive in the base fuel is 19 to 10, 000 wei ght parts per m.llion,
preferably from30 to 5,000 parts 30 per mllion of the additive. If other
detergents are present, a | esser anniﬁgégiééﬁg additive may be used. The
addi tives described herein nay be for E s a fuel concentrate, using
an inertstable ol eophilic solvent boiling in the range of about 53

Example 1 - Preparation of Terpolymer

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

20  equipped with agitator, temperature controller and overhead condenser and receiver.,
27.3 grams 1-hexadecene was also charged to the reactor, and the agitated mixture
was heated to 150°C. Traces of moisture were removed by sparging 250 scm’/min
nitrogen through the mixture for about an hour. After drying, the nitrogen was fed to
the reactor head space at a rate of 30 scm®/min. 178.8 grams maleic anhydride and

25 164 grams dicumyl peroxide in a 50% solution with toluene were fed simultaneously
to the reactor over 2 hours. After the maleic anhydride and dicumy! peroxide charging

. were finished, the temperature of the reactor was maintained at 150°C for another 1.5

hours. The reactor was heated to 190°C. During the heating of the reactor, the
pressure was gradually lowered to 20 mm Hg when the temperature of the reactor

30 reached 180°C. The temperature was held at 190°C and the pressure was held at 20
mm Hg for 1 hour during which 15 gramé of condensate was collected. The product

was cooled and a yield of 2693 grams of copolymer (i) was obtained.
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150- 400F (65.6-204.4C). Preferred solvents boil in the gasoline or diesel
fuel range. Preferably, an aliphatic or an aromatic hydrocarbon solvent is
used, such as a benzene, toluene, xylene or higher-boiling aromatics or
aromatic thinners. Aliphatic alcohols of about 3 to 8 carbon atons, such as
| sopropanol , B h$pPut YLearBha gk poldpiid ARG, Lid1® i ke in conbination with
hydr ocar bon sol'vents | h the fuel additive. In
the fuel conctdb geanss, ofthigh metbyininylificicym!lyisctitdne\neving lalnubdepadtirager i | y at

| east 5 % by i ght an ener al | exceed. 70. %, wei ght r ably
from5 to 50 lﬁﬁ&gﬁ%%ﬁl %%‘%\%ﬁ?%&h@é a_tnE)e_ﬂ%VWi)“?_ Fo ’éteg‘tfgapgﬂe{ﬁ ng
exanpl es are d(%ﬁsﬁqm&ﬁ&n&@iam laySiTdbR! BoRIBLSE hid BTROEHH AR CLiSsophl 10D0F was

i nvention and are not to be construed in any way as limting the scope of

the invefti shargekmvpreasor a8l thx maplioe was heatedtosy tamperatuss offahogbl §476r 58513
f high h i nyl i d l,y,i sobut yl. havi
or e o 1 S B S TR0 SRS R B0 SeRE VRIS o

78% (whi ch iTheamapdratateoffihOuEbShadmaiatdissoRab(10 fo 3 Mouresttc il Bedid o a
4-L reactor 20 equl pped with agitator, tenperature controller and overhead

condenser andnhgilenad dicupryl pergridpareichaesed de themeacias Thy wactenwagbeteddot he
reactor, and b ' s of noisture
were renoved a%eﬁszggr%ﬁhgq)ﬁ%féégﬁ*% nﬁe%lﬁ? Er’ g%gﬁl&ttﬁersgeﬁ% ﬁ;_({dﬂgtem xture for
about anlfour. After drying, the nitrogen was fed to the reactor head
space at a rate of 30 scnB/nmn, 178 gr ang mal ei ¢ anhydri de and 25 16. 4

gr ans di Cun‘y' AR 5:"2 _z“g A8. 8 - 150 1 ‘.L,.; el ‘.!g'i‘_.’u!;.- UL A I'd

simul taneously to the reactor over 2 hours. After the maleic anhydride and
di cunyl peroxide charging were finished, the tenperature of the reactor
was mai nt ai nd@0partd BOEeizbt Exanotli@solvest ((hoaromatid kdverdpantddt] . Wepartsawt ed to -

O DU 0 SR B SRS Perd SRS 85ahly | overed

15  were charged to a stirred reactor. The mixture was heated to 150°C, and the

temperature was maintained for about 30 minutes to dehydrate the mixture. The
mixture was cooled to 65°C, and 36.5 parts of maleic anhydride were charged to the
reaction mixture. The reactor headspace was purged with nitrogen. The reaction
mixture was heated to 150°C. 0.13 parts of di-tert-butyl peroxide were added to the
20  reaction mixture. The reactor temperature was allowed to increase (exotherm) to
about 180°C. Once the temperature began to decrease (exotherm passed), the reaction
mixture was cooled to 150°C. The peroxide addition step was repeated five more
times. After the sixth peroxide addition the reactor was heated to 170°C, and the
temperature was maintained for one hour. The aromatic solvent was the stripped from
25  the product under vacuum, and then approximately 276 parts of 100N neutral oil were

added to the product.

Example 4 — Preparation of Thermal PIBSA

30  The procedure of Preparation 2 in U.S. Patent No. 5,872,083 (‘083 Patent) was
employed except that 2300 Mn polybutene, available as Glissopal® 2300 from BASF,
was used instead of 2200 Mn polybutene as used in the '083 Patent. '
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30 reached 180C. The tenperature was held at 190C and the pressure was held
at 20 mmHg for 1 hour during which 15 grans of condensate was col | ected.
The product was cooled and a yield of 2693 granms of copolyner (i) was
obt ai ned. 54 Exanple 2 - Preparation of PolyPl BSA (Copol ynmer (ii)) 4005
grans of highﬁ%@h? l,vi nyl i dene pol yi sobut ene having a nunber average

nol ecul ar wei'g {f‘) of about 1000 and a nethyl vinylidene content of about
76% (which is commercially available from BASF and is known as d i ssopal
1000) was 5 charged to a reactor and the_reactor was heated to

t enper at ur e ofoU5n¢ of Bapolymgy as grepared imEsaraplg A nyereichares H‘t%ﬁ.sga“&r ams of

Cas i Pl e YRSt Wodfant PRAPImin nffch HIRRTOURE ibirebdist | S8t Of
S e s o
. u . | . .
U Y T AR LS B Ay p N ML ek M L A
parts by wei gélﬁmgﬁf@ﬂilﬁéﬂgg%ﬂin\bfﬂﬁ({g%ﬂi@é /0El0. £ éﬁlnh' %Pﬁ?lg@{}?eﬁ}l«eﬁée@ﬁr ts

per weight of C 14-24 alpha ole m xture (average no ar wei ght -
' 215. 3 Dal t onsoxypikipyleee)diantiog wert addeditoshé reacidr segmentilly. Therea¢ticnumixtures

dehydrate theTiARYdO0Tn BT ot SRS R sreRnE s beh G S CuE S °
nal ei ¢ anfoy driapg tRintove Ray SQkr bendrited dirgRCtht edhctid The &acubie coRIAEd8 fwere

headspace was purged with nitrogen.. The reaction mxture was heated to
150C. 0. 13 pangigtagfeddpr eninutngt The rsagtioniterapsiaivee wakdaeintaineddar apthesd 665 on

m xture. The fur I i-Rcr 0
about 1800 ARt SRS AN B HBRLA te G e IRHERAR AEUBITTL ok, |
reaction m xediiced W®s2Coaiff(abs) shRkaintdined Paridxhitatea dichiova asy eatenas
repeated five nore  tinmes. After the sixth peroxide addition the reactor
was heat ed t ceenymted dyring thedeagtighper at ure was mai ntai ned for one hour. The

aromatic g0l vent was the stripped from

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

" the reactants in Example B are disclosed in Table 1. -

Example C

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

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

30 conditioﬁs were maintained for 30 minutgs. Analysis of the product showed it to

contain 0.759 wt% nitrogen and 2.61 mg KOH/g Total Base Number (ASTM D2896).
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25 the predget—uider; vacuum and then épproxi mately 276 parts of 100N
neutral oifl@werle| added to the product. Exanple 4 - Preparation of Thernal
PI BSA 30 Thg ®rlg¢edure of Preparation 2 in U S. Patent No. 5,872,083 ('083
Pat ent) s= englloygd except that 2300 Mh pol ybutene, available as
d i ssopal (#5—2369<f2lom BASF, was used instead of 2200 Mh pol ybut ene as
used in tﬂ}e 083 | Patient. 55 Exanple A 160 grans of Terpolyner, as prepared
i n Exanpl e§1§ vietej gharged into a 500 nL stirred glass reactor. A constant
180 nmi/m n—g_n&@o en [purge through the reactor 5 headspace was then started.
The react ¢f %as heptled to 160C. Wen the reactor tenperature attai ned
160C, 1.97 é?ang Bf2|N-phenyl -1, 4- phenyl enedi ai nine, 1.09 granms of
3- di et hylamng=li=ystopyl am ne and 20. 14 grans of pol y(oxyethyl ene-co-
oxypropyl ¢ne)dilam ng were added to the reactor sequentially. The reaction
m xture Ma.g gl d pt| 160C for 1.5 hours. The reactor pressure was then
reduced t ¢ X2 g, 10 (abs) to renove any water generated during the
reaction. 'Iﬁ%v hconditions were maintained for 30 mnutes. The
reaction {enper was mai ntai ned for another 16.5 hours because the
reacti on appearey be inconplete. The reactor pressure was again reduced
to <20 miHg {abs) fnd maintained for 30 mnutes to renove any water
generated|dufEing|thd reaction. 15 Exanple B had the sane process steps and
condi ti on:;ga&@'xarrpl e 1. The anount of the reactants in Exanple B are
di scl osed|EnE Tabl el 1. Exanple C 20 303.4 grams of thermal PIBSA
(saponi fi ¢aty onghepdler = 35.4 ng KOH g) and 113.7 grans of alpha olefin/
mal ei ¢ anhydrideteopol oyner (saponification nunber = 94.5 ng KOH g) were
charged i “8'@ 500 nL stirred glass reactor. A nitrogen purge (-180
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m./ m n) through the reactor headspace was then started. The reactor was
heated to 160C. Wen the reactor tenperature approached 160C, 58.27 grans
of Huntsman 25 XTJ-501 (an et hyl ene oxi de and propyl ene oxi de based

pol yoxyal kyl enedi am ne); 7.76 granms of N-phenyl -1, 4- phenyl enedi am ne; and
2.15 granms of 3-di nethyam no-|- propylamne were added to the reactor
sequentially. The reaction m xture was then held at approximately 160C for
1.5 hours. The reactor pressure was then reduced to <20 mmHg (abs) to
remove any water generated during the reaction. The vacuum 30 conditions
were mai ntained for 30 m nutes. AnaJ%%is of the product showed it to

cont ai n 0. 75ExammesiA awshewhish ezergplifirghaiobrigatingtal adgditive cmpbetion pShw
5)28%6.) t 056Q %r%@%té%%ﬁgn, Were e 88%eh Bor p%rc%nf Gisco?sit?in(greasg ugng YsSotf ¥ - 1o N
: 5  thickening bench test, which measures the ability of the formulation to disperse and
control viscosity increase resulting from the addition of carbon black, a soot
surrogate. Using the soot thickening bench test, the viscosity of a fresh oil is measured
in centistokes. The fresh oil is then treated with 2 wt% Vulcan XC 72R carbon black,
supplied by Columbia Chemical Co., to form a mixture containing approximately 2
10 grams Vulcan XC72R carbon black and 98 grams fresh oil (test oil). The test oil,
- which contains carbon black, is then left to sit overnight. It is then homogenized using
a high speed tissue homogenizer for approximately 60 seconds to thoroughly mix the
carbon black with the fresh oil. The resulting test oil containing carbon black is then
degassed at 100°C for 30 minutes. The viscosity of the oil containing carbon black is
15 measured_according to methods that are well known in the art. The percent viscosity

increase is calculated according to the following formula:
% viscosity increase = [(vischo - ViSr)/(Visp) X 100]

20 ViSeho: Viscosity of carbon black in oil

Visg:  viscosity of fresh oil

Using the soot thickening bench test, the percent viscosity increase calculated for the
additive composition of for Examples A and C in a formulated oil was compared to.a

25  formulated oil that does not contain the lubricating oil additive composition of the
present invention. The formulated oil of the present invention comprises 0.66 wi% of
an oxidation inhibitor package, 0.33 wi% pour point depressant, 4.07 wi% of a
calcium based detergent package containing a phenate and sulfonates, 2.41 wt% zinc
dithiophosphate, 0.03 wt% foam inhibitor, 7.7 wt% viscosity index improver and

30  85.10 wit% of a lube oil blend which is a mixture of basestocks that consists of 69.24
wt% Exxonl 50N oil, and 30.76 wt% Exxon600N oil (all of which may be purchased

from ExxonMobil Corporation, Fairfax, Virginia) to provide the comparative oil
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formulation. To prepare the formulated lubricating oil composition of the present
invention, approximately 7.6 wi% of the additive composition of Examples A and C
were top treated to the formulated comparison oil.

5 The results of the soot thickening bench test are summarized in Table 2.

Table 2: Soot Thickening Bench Test Results

Example % Viscosity Increase
A 31.14
C 213
No 283.9
Dispersant

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

10 increase using the lubricating oil additive composition of the present invention was
~lower than the percent viscosity increase in a formulated oil that did not contain a
lubricating oil additive composition of the present invention, which yielded

approximately a 284% viscosity increase. This test indicates that the lubricating oil

additive composition of the present invention has good dispersant properties.

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

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

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

be imposed as are indicated in the appended claims.
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00 x. x x aZQ N a O Exanples A and C, which exenplify the |ubricating oi
additive conposition of the present invention, were eval uated for percent
viscosity increase using a soot 5 thickening bench test, which neasures the
ability of the fornulation to disperse and control viscosity increase
resulting fromthe addition of carbon black, a soot surrogate. Using the
soot thi ckeniﬁﬂﬂmgln he viscosity of a fresh oil is neasured in
centi st okes. 5" then treated with 2 wt % Vul can XC 72R car bon
bl ack, supplied by Colunbia Chemcal Co., to forma m xture containing
approximately 2 10 granms Vul can XC72R carbon bl ack and 98 grans fresh oi
(test oil). The tdstoibsqluble yhrichtingeil addidvecconmsitignaugpargdsby the pracesst to sit
overnight. It is 5 i using a high speed tissue honobgeni zer
for approxinately&@%%ggggﬁggg#%& roughly mx the carbon black with the
fresh oil5 The resulting test oil containing carbon black is then degassed
at 100C for 30 minutes. The viscosity of the oil containing carbon black is
15 measur ed accor #fhg ﬁbleﬁ%pn%e%tmﬁ%ﬁowécwlymﬁ%wn in the art. The
percent viscosity increase is calculated according to the follow ng
formula: % viscosity increase = [(viscbo - visfo)/(visf) x 100] 20 visbo:
viscosity of carbon bl &3k i acopdlymesdtaained by frs¢ radial codpodwhenpationof ng t he
soot thickening bench test, the I{)ercent viscosity increase cal culated for
the additive conposition of®PBPIERABISIIE and Cin a fornulated oi |l was
conparedjpo a 25 fornulated oil that does not contain the |ubricating oi
addi tive conposition of the present invention. The fornulated oil of the
present invention conpri ses(d). 66atlesst ohe manoehyldnickldynunsahired or package,
0. 33 wt % pour point depressant, wt % of, a_..cal.gi um er gent
package containing a phenate andéégﬁfWﬁg?%ﬂ?°¥§hﬂTchqu?%%ﬂ%ggoﬂ%&

C4-Cog dicarboxylic acid, anhydride or ester thereof;

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

20 thereof; and

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

selected from the group consisting of:

25

| (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

30 atoms;
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“iI'nvention can be nmade w t hout

di t hi ophosphate, 0.03 wt% foaminhibitor, 7.7 wt% viscosity index inprover
and 30 85.10 wt % of a lube oil blend which is a m xture of basestocks that
consists of 69.24 w % Exxon 150N oil, and 30.76 wt % Exxon600N oil (all of
whi ch may be purchased from ExxonMobil Corporation, Fairfax, Virginia) to
provide the conparative oil 58 formulation. To prepare the fornul ated '

| ubricating oil conposition of t pres Lnventi r, tely 7.6
wt % of the additive conpositi on { J%}’f ﬁﬁ?YL’glm ?\Pﬂ}@@?‘?g {meat ed to
t he formul ated conparison oil. 5 The rﬁ&@g{ gﬁ:ngfaj hﬁsmgﬁedmn@kgﬂl ng bench
test are summari zed in Table 2. Table oot i ckeni ng Bench Test

Results Exanple % Viscosity | ncreas@llwmmaamd:@ﬁom abgut 28gatwut Di sper sant

The results of the soot thickening bench test cate t rcent
viscosity 10 increase using the Iubrﬁ@ tarbrs? of’ils laelthllevéﬁ%} S(gl‘sizlll':'tol?on of the

present ifivention was |ower than the;omgm@emﬁn yhoH€ 036 out A0 LEBEE atofsA
formulated oil that did not contain a lubricating oil additive conposition

of the present invention, which yielded approximtely a 284% viscosity

increase. This test indicates t t t Iﬁg)gg%g%%e[ﬁgdgb{vcargg&hg A48 of

conposition of the present |nve ion sper sant oper res. 15 It
i s understood that although nodifi cafromraboaindtovboutl carben atbmishe | nventi on

can be made wi thout departing fromthe spirit and scope thereof, only such
limtations should be inposed as are indicated in the appended clains. 20

It is unggrstood that although g@dl F e RUINSuBRRu@ bl tRlgkR0Sni@hidd e

parting fromthe spirit and scope thereof
only such limtations should heterocyclic compound; and

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

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

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

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

30 | compound (i)(a) and compound (i)(b) or (i)(c); with
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be inposed as are indicated in the appended clainms. 59 WHAT 1S CLAIMED | S:
1. An oil-soluble lubricating oil additive conposition prepared by the

process

copol yners:
conmponents conprising: 10 (a) at |east one nonoethylenically unsaturated
C3- C28 nonocarBpXy bi astehéletBér &?%rgb'im& B8R of being réatidddSitil haasasbary ! i ¢ acid,

anhydride or ester thereof; 15 (
2 to 40 carbon

vi nyl,

whi ch conprises reacting 5 (A) at |east one of the foll ow ng
(i) a copolynmer obtained by free radical

copol yneri zati on of

15 | at l'east one | -olefin conprising about
at srenoeatbexylic agids, aysstersolbprsiobfor dicathesilie feids anfodndas eto

360

carbon atons and haying.a. termnal opol. rizable group in the formof a
o bl kR RERG AT

(c) at

vi nyl i dene “or
| east one nonool efin conmpound which is

nononer s of (a&ha
y

(1) an al kyl

hydr oxyl ,

and

10

15

20

25

30

am no,
containing froma

D)

0.

7.

nd (b) and is  selected fromthe group consisting of.

or m xtures 20 thereof; and
copol yneri zable with the

25

| ablep ona Aliphatic spmpeung qepable phispctifigeyich aklpast apkyl group is
d %n%é%rg&}?ﬁ tacf?lr cg%llsjttélo Q%r%g?%tg%ctawoﬁglig ﬁciﬁ,sanﬂm%r'egféf ed,

0 a
thereof; and

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

thereof.

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

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

The lubricating oil additive composition of claim 1 or 2, wherein the ether

compoimd (B) is a polyether polyamine.

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

individually contains from about 2 to about 5 carbon atoms.

The lubricating oil additive composition of claim 4 wherein the oxyalkylene

moiety is oxyethylene or oxypropylene, or mixtures thereof.

The lubricating o0il additive composition of any one of claims 3 to 5 wherein the
polyether polyamine is polyoxyethylene diamine.

The lubricating oil additive composition of any one of the preceding claims:

wherein the copolymer is copolymer (1).
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30 atonms; 60 (2) an al kyl am ne and an N-al kyl am de. of a
nonoet hyl eni cal | y unsaturated nono- or dicarboxylic acid of fromabout 3
to about 10 carbon atons where the al kyl substituent 5 contains from about
1 to about 40 carbon atons; (3) an N-vinyl carboxam de of carboxylic acids
of fromabout 1 to about 8 carbon atons; 10 (4) an N-vinyl substituted

ni trogen-containing heterocyclic conpound; and (5) at |east one 1l-olefin

conprising about 2 tqQ 40 carbon atons or at |east an i 15
conpri sing ab&ut 4lhedubiiating %‘géfi‘ﬁﬁYeo‘i?ﬁ’pgf%iﬂﬁ Oﬁ?all%mﬁé)g Flﬁg&yap{ogf;%ﬂﬁg

copol yneri zable group in the formof a vinyl, vinylidene or alkyl
vinylidene group Bhe capalymenis copdyBeif(1)-pr ovi ded that the olefin enpl oyed
is not the same as the. olefin enployed 20 in (i)(b); (ii) a copolyner

obt ai ned by reacting conpound (i)(a) and conpound(i)(b) in the presence of -
a free radidcal9.i ni tThet lobricatid§ ofliadditiva compositioreof daite wheretmcopalymes fickis ng

conpound (i)(a) with un i ),(b), o i),(c) in a.,non-free radical
catal yzed reacti o@qlﬁ[ﬁ'ﬁ% =89@§E)ﬂ£"éf the ﬁﬁ%%??ﬂr‘é‘?ﬂﬂeﬁ rﬁqcu%ﬁﬁmf%? (ii) or
both; or by (b) .coniglfidSarkQRMyi¥éBeiylénd. Or copolymer (ii) or both with
the non-free radical catalyzed Teaction product of 30 conpound (i)(a) and
conpound (i)(b) or (i)(c); with ‘

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

- 10 the copolymer is copolymer (iii).

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

: . aliphatic monoamines, aliphatic diamines, and aliphatic polyamines.
5
12.  The lubricating oil additive composition of claim 11 wherein the amino
aliphatic compound is selected from the group consisting of aliphatic
monoamines, aliphatic diamines, aliphatic polyamines and polyalkylene
polyamines.
20
13.  The lubricating oil additive composition of claim 12 wherein the aliphatic

compound is an aliphatic diamine.

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

N,N-dimethyl amino propylamine or 1,3-aminopropyl morpholine.

15.  The lubricating oil additive composition of 12, wherein the aliphatic

compound is an polyalkylene polyamine.

30 16.  The lubricating oil additive composition of any one of the preceding claims -

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

consisting of
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61 (B) at |east one ether conpound capable of being reacted with at |east
two nonocarboxylic acids, or esters, thereof, or dicarboxylic acids,

. anhydrides or esters thereof, or mixtures thereofand 5 (C) at |east one

al i phati c conpound capable of reacting with at | east one nonocarboxylic
acid or ester thereof, or dicarboxylic acid, anhydride or ester thereof;
and (D) at |east one aromatl c conpound capa | e of cting wth at |east
one 10 nonoc# boxﬁp%arﬂﬂhﬁnﬂ?m’élﬁ‘@mf%?sé{%@ byt "dﬁOE'HP oxylic acid,
anhydride or ester thereof. 2. The lubricating oil additive conposition of
claim1l1, wherein in copolynmer (iii)(b), said copolyner (i) or copolyner
(ii) or both are contacted wt T al yzed reaction

product of conpound (i) a) ang/ conmpob (ilzl (%) in the presence
of conponent (C), conpo ) 3 ing oil additive
conposi tion of claim1 or 2, ' the et her d (B) is a polyether

pol yam ne. 20 4. The lubricating oil additive conpo iti on of claim 3,
wherein the polyether polyamne is a pol yoxyal kyl e di am ne wherei n each
al kyl ene unit individually contains from about 2 to about 5 carbon atoms.
25 5. The | ubri ca®pg Hi-INHaigl, t N¥lleeyipes branched br sﬂ‘ea'ghhchaiwhe’dm'cnrbwhe

oxyal kyl epe moiety.is oxyethyl p gene er eof .

The | ubrieating off$di ‘?aaz&?‘flpg'gml‘b%ﬁ&%gltq %??%gégé% 0’6?‘:‘8"’51‘5‘318? 35#19 l%l

wherein the pol ygg&aﬁfl PRLY: %Q& | Sr ARALYOR(EY ¥l 208, A RA(OH,) $NH,, -The

lubricating oil ve c nposi |on of “&ny ‘one of the precéding clains

wherein the copol Nfiﬂ‘lkyls--Nbiatﬂlly)rie-r Ch )~ aryI--NHg, in which n and m each have a value
from about 1 to about 10; and Ryp is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl,
or alkaryl, having from about 4 to about 24 carbon atoms.

10

(b)  aminocarbazole represented by the formula:

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

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

()] an amino-indazolinone represented by the formula:
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62 8. The lubricating oil additive conposition of any one of clains 1 to 7
wherein the copolyner is copolynmer (ii). 5 9. The lubricating oil additive
conposition of claim8 wherein copolyner (ii) is polyPlBSA, obtained by
the free radical catalyzed reaction of nmaleic anhydride and

pol yi sobutyl ene. 10. The lubricating oil additive conposition of any one of
clains 1 to 7 wherein 10 the copolyner is._copolyner (iii). 11. The

| ubricating oil additive conposition of of the preceding clains
wherein the amno aliphatic conp 1 g sel ec group consisting of
al i phati ¢ nonoam nes, aliphatic , and aj\i phatic polyam nes. 15 12.
The lubricating oil additive co of ¢ch&' m 11 wherein the am no

al i phatic conmpound i s sel ectedHhNomthe comgd sting of aliphatic
nonoam nes, aliphatic diam nes, alMMp i ¢ polyam nes and pol yal kyl ene

pol yam nes. 20 13. The | ubricating ? | additive conposition of claim 12
wherein the aliphatic conpound is dn aliphatic diamne. 14. The

| ubricating oil additive conpositioﬁ{of claim 13 wherein the aliphatic 25
diamine is NN-diethyl ami no ethylam ne, NN-di ethyl am no propyl am ne,

N, N- di et hyl ami no opyl am ne or 1, 3-am phopropy! .norpholine.. 15. The '
| ubricating oil aéfh{z'hcgé{@:ﬁﬁﬁ' S %%Tyggaﬁwﬁ@aé(mg ’{'ﬁ@ ai??ﬁr&glhté?ﬁ%em omound
i's an pol yal kyl eng,;Beh ¥@fsngad 30 16. The lubricating oil additive

conmposition of any one of the preceding clains wherein the at |east one
aronatic Eonpound is selected froma group consisting of

(d) an aminomercaptotriazole represented by the formula:

T

H

10
(é) an aminoperimidine represented by the formula:
NH,
NT NH
™ R24
15 in which Ra4 represents hydrogen or an alkyl radical having from about 1to

about 14 carbon atoms;
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63 a) an N-aryl phenyl enedi am ne represented by the fornmula: R20 R18 HN R19
RL 8 is H --NHaryl, -NHal karyl, or a branched or straight chain
hydrocarbyl 5 radical having fromabout 4 to about 24 carbon atons
selected from al kyl, al kenyl, al koxyl, aralkyl or alkaryl; R(2)i9 is --NH2,
=-(NH(CH2) n)mNH2, -- NHal kyl, --NHaral kyl, --CH2 --aryl--NH2, in which n
and m each have a yalue from about 1 to about . .and R20 is hydrogen,

al kyl, al kenyl, affkoxyf?ary &qnyfenﬁm%ﬁ%i?fﬁefﬁeﬁ%yi*ﬁ@g%?ﬂ-about 4 to about
24 carbon atonms. 10 (b) am nocarbazol e represented by the formula: / NHz R
[\ 21 - RR2 (N 15 in which R21_and R22 each i ndependently represent
hydrogen or an al kyl or al ken¥l i cal havin Tro/a out 1 to about 14

carbon atons, (c) an am no-i ent ed the formula: 64 o
NH2 HN Res N in which R23 i Iky|l adi cal having from
Rag

about.1 to about 14 carbepat

5 in which Rys is H, --NHaryl, -NHalkaryl, or branched or straight chain radical
having from about 4 to about 24 carbon atoms that can be alkyl, alkenyl,
alkoxyl, aralkyl or alkaryl; Ryg is ~-NHa, --(NH(CH3)n)m NHa, --NHalkyl, or --
NHaralkyl, in which n and m each have a value from about 1 to about 10; and
R,7 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from about

10 4 to about 24 carbon atoms;

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

represented by the following formula:

R Y — Ra2
30 \/_—_ 3 /
L Raa
B e
Y1_"""Y2 Ya R33

15 31

- wherein L is selected from —O-, -N=N-, -NH-, -CH;NH, -C(O)NRog-, -
C(O)O-, -SOz—, -SOzNRzg— or —SOzNH-, wherein R23 and R29
independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy

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

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

25 Rjpand Ry, independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SOsH, -
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5 (d) an am nonercaptotri azole represented by the formula: NNH2 SH N N
I H 10 (e) an am noperimdine represented by the formula: NH2 N-NH R24
15 in which R24 represents hydrogen or an al kyl radical having from about 1
to about 14 carbon atons; 65 (f) an aryl oxyphenyl eneam ne represented by
the formula: R2r 0 R2 s/ \ RR6 5 in which R25 is H, --NHaryl, '

- NHal karyl , or branche r s | ght chai n. radical ., havi,hg fr.om about 4 to
about 24 carbon atons g@%ﬂa’éﬁiﬁo slt figreoty Z,Whegﬁnkgiwd %yl or

al karyl ; R26 is --NH2, e fdNaeiilydldpehHakyl; afiakitikyl, 6f alkaryhHar al kyl, in
whi ch n and m each havle]rl g}gVaI ue froérgea’bou)t( lllyto aboﬁt 10; and R27 is

hydr ogen, al kyl, al kenyl, al koxyl, aralkyl, or alkaryl, having from about

Rs; and Rz independently represent a hydrogen, an alkyl, an alkenyl or
5 an alkoxy group having from about 1 to about 8 carbon atoms, -OH, -
SO3H or -SOsNa; |

Ras represents -NH,, -NHR3s, wherein Rss is an alkyl or an alkenyl
group having from about 1 to about 8 carbon atoms, -CHa-(CHz)n —
10 NH, or —CH,-ary]-NH, and n is from 0 to about 10;

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

aminobenzothiazole, aminobenzothiadiazole and aminoalkylthiazole;

15
() an aminoindole represented by the formula:
Rae
i 1{ |
|
H
. 20 | wherein Ras represents a hydrogen, an alkyl or an alkenyl group having

- from about 1 to about 14 carbon atoms;

(G} an aminopyrrole represented by the formula:
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10 4 to about 24 carbon atons; (g) an aronmatic am ne conprising two
aromati c groups,

from-0-, -N=N-,

an al kenyl

that 1 and Y2 may not both be N

or an al koxy 20 group haV|n

hydr ogen, al kyl,

-OH, - N2,

and R42 are

- SCBH,
i ndependent |y hydrogen,]| al kyl, aryl, aryIaIkyI, or al karyl;

aryl, al karyl,

| inked by a group, L, represented by the foll ow ng
formula: -/R32 R30 /--Y3 L R34 15 R31 1Y2 Y4 Rs3 wherein L is selected
-NH, -CH2NH, -C(O NR28-, - C(OO0-, -802-, -SO2NR29-
-S2NH-, wherein R28 and R29 independently represent a hydrogen, an al kyl,
fromabout 1 to about 8 carbon
atons; wherein each Y1, Y2, Rg-and re rpdepegdent |y N or CH provided
and R31 |ndependently represent a
al koxy, hydroxyal kyl, am noal kyl ,

ra
_ 766 SO3Na, é\u sal t t hereof, -NR4A1R42 wherein R41

R32 and R33 independently represent hydr ogen, an al kyl, an al kenyl
an al koxy group havi ng from about 1 %0 about 8 carbon atoms, -OH, -

. -SCBNa; R34 represents NH2, -NHR35, wherein R35 is an al kyI or an al kenyl
to about 8 carhon atgns, -CH2-(CH2)" - 10 NH2

group having from about L
NH2 and n | ¥heein repsostpts @ drsalentaiiyions exvaphivineabort? & ect ed

or - CH2- aryl -

fromthe group consi st | pg CQI%IFE{OHS%QL% rep@gg%@@%%gggﬁ A1 or an

ani nobenzot hi adi azol e am noa

5

10

15

20

25

17.

18.

19.

21.

alkenyl group havmg from about 1 to about 14 carbon atoms;
(k)  aring substituted or unsubstituted anifine, such as nitroaniline or 4-
aminoacetanilide;
4] an aminoquinoline;
(m) an aminobenzimidazole;
(m)  aN, N-dialkylphenylenediamine;
(0)  abenzylamine; and |
(p)  abenzyl alcohol.

The lubricating oil additive composition of claim 16 wherein the aromatic

amine is N-arylphenylenediamine.

The lubricating oil additive composition of claim 17 wherein the

N-arylphenylenediamine is N-phenylphenylenediamine.

The lubricating ot} additive composition of Claim 18 wherein the N-

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

The lubricating oil additive composition of any one of claims 1 to 6
wherein compound (1)(b) of copolymer (i) is polyisobutene having a

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

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

average molecular weight (M,) is.from about 500 to about 3000.
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(i) an am noi ndol e represented by the formula: R36 H2ZN 20 wherein R36
represents a hydrogen, an al kyl or an al kenyl group having fromabout 1 to
about 14 carbon atons; (j) an am nopyrrole represented by the fornula: 67
R38--~" \\ -R37-NHZ N H wherein R37 represents a dival ent al kyl ene group
havi ng about 2 to about 6 carbon atons and. R38 represents a hydrogen, an

al kyl or an 5l ke from about hbon _at ons;
(k) aring subzgfl tlr}%ﬂ %I?C%Bnggﬁspgi[tw?g%fng?ﬁlﬁlq% CEaéﬂ‘?ﬂ &i‘e‘i’?ﬂ'&%a PP e or 4-
ani noacet ani | iagteragé inola@nlad el @IS iffoed al{dﬁil@(m Bboalsoa m dazol e; 10 (n)
a N, N-dial kyl phenyl enedi am ne; (o) a benzylam ne; and (p) a benzyl

al cohol . 17. The lubricating oil additive conpositi on of claim 16 wherein
the aromatic 2% aRkelubricating aflpigitan gemprsificarmisay oneef tinerepeding daitisng oi |
additive conposition of claim17 wherein the N arylphenylenediamne is

N- phenyl phényl enedwhereindi)(22 @5 4 dicarbheylicidoid, ewttydride o dsteattstreofve conposition
of Claim 18 wherein the N- phenyl phenyl enedi am ne i s N phenyl -

1, 4- phenyl enedi am ne. 20. The lubricating oil additive conposition of any

one of claims 7y t 0 fhe lubricating oil additive composition of claim 23 wherein wherein (i)(a) is

maleic anhydride or ester thereof.

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

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

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

15 composition prepared by the process which comprises reacting
{A) at least one of the following copolymers:

(i)  acopolymer obtained by free radical copolymerization of

20 components comprising:

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

C4-Cyg dicarboxylic acid, anhydride or ester thereof;

25
(b) at least one 1-olefin comprising about 2 to 40 carbon
atoms or at least one polyolefin comprising about 4 to
360 carbon atoms and having a terminal
copolymerizable group in the form of a vinyl,
30 vinylidene or alkyl vinylidene group or mixtures

thereof; and ‘
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wherein conmpound (i)(b) of copolyner (i) is polyisobutene having a 25
nunber average nol ecul ar weight (M) of fromabout 112 to about 5000. 21.
The lubricating oil additive conposition of claim 20, wherein the nunber
average nol ecul ar weight (M) is fromabout 500 to about 3000. 68 22. The
lubricating oil additive conmposition of claim21, wherein the nunber

aver age nol ecul ar wei ght ( is from about 00 to a %%$ 2500. 23. The

| ubricating oil additive coffdosPtIFashoRt MaRSPIGHECAPUR d&ding claims 5

wherein (i)(a) is a dicarboxyli goRfiferiABRNSMH €6 nhoRSkeIr (A)HEEHS and3¢. The
| ubricating oil additive conposition of claim23 wherein wherein (i)(a) is

mal ei ¢ anhydride or ester ther esflectdDfras theTdreup ensisting pfig oi | additive
conposition of any one of the preceding clainms wherein the nonool efin of
(i)(c) is a 1-olefin. 26. A lubricating oil conposition conprising a mjor
amount ofsan oil of lubricating)vi sgesikilyvidgl@ilar Bhdod alialkyl ethér whaee

| ubricating oil additive 15 conposition Erepar ed t he progess which

b
conprises reacting (A at |east one B aky gf%‘PIifi)qui%ﬁYéao'ﬁ@PS?’rPéﬁ‘ngla’(nﬂl)o a
copol ymer obtai ned by free radical cgf)ﬁkg@eﬁru?)&%{eggrgfms ﬁ&@%@gﬂ@nts
yl eni ca -C23

conprising: (a) at |east one nonoeth y unsaturate

monocarboxylic acid or ester thereof comininG4roGR &bk ¢ ao bleouy KO carhor d,
anhydride or ester thereof; 25 (b) at |east one 1-olefin conprising about
2 to 40 carbon atons or at |east on&©P8lyolefin conprising about 4 to 360
carbon aygns and having a term nal

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

15 | contains from about 1 to about 40 carbon atoms;

(3)  an N-vinylcarboxamide of carboxylic acids of

~ from about 1 to about 8 carbon atoms;

20 . (4)  an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

(3)  at least one 1-olefin comprising about
2 to 40 carbon atoms or at least one polyolefin
25 ' ' | comprising about 4 to about 360 carbon atoms
and having a terminal copolyfnerizable group in
the form of a vinyl, vinylidene or alkyl vinylidene
group or mixtures thereof, provided that the olefin

employed is not the same as the olefin employed

30 in (i)(b);
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copol yneri zable group in the formof a vinyl, 30 vinylidene or alkyl

vinyl i dene group or mxtures thereof; and 69 (c) at |east one nonool efin
conmpound which is copolynerizable with the nononmers of (a) and (b) and is
selected fromthe group consisting of: 5 (1) an al kyl vinyl ether and an
allyl alkyl ether where the alkyl group is hydroxyl, am no, dialkylamno
or al koxy substituted or is unsubstituted, and containing fromabout 1 to
about 40 carbon atons;({)10 §2ypadymel dythinedrbyecaatine compevat kKi)(adandle of a
nonoet hyl eni cal 'y unsaturate NO-,.:0k . di.car boxyl i ci d,.of .fr.om about 3
to about 10 carbon atons m‘céi"r“«@%)‘%‘w&‘(‘iﬁ%m thgﬂﬁ???%éfg%tt?efga%IS?hlﬂﬁtlﬁ ™ rom
about 1 to about 40 carbon atons; (3) an N-vinyl carboxam de of carboxylic
acids of fromabout 1 {o about 8 carbon atons; 20 (4) an N-vinyl .
substituted nitrogen- cddihi nt figpolraeretizped by (B aeasting gomppend BY)awith east

one 4 18 TS0 108 <D0k SO 3 e OB, g
term nal copol ynmerizabl e gr oteaction intthe pfesérive@f capolimyt (i) ot copblydien€i)wr al kyl
vinylidene 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
10
(B)  atleast one ether compound capable of being reacted with at least two

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

esters thereof, or mixtures thereof;and

15 (C)  atleast one aliphatic compound capable of reacting with at least one
monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester

thereof; and

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

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

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

compound (B) is a polyether polyamine.
30
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group or mxtures thereof, provided that the olefin enployed is not the
sane as the olefin enployed 30 in (i)(b); 70 (ii) a copolyner obtained by
reacting conpound (i)(a) and conpound(i)(b) in the presence of a free
radical initiator; (iii) a copolymer obtained by (a) reacting conpound
(i)y(a) with 5 conpound (i)(b) or (i)(c) in a non-free radical catalyzed

(b) contact i ngcopan Mrcging B Calongdr dhiny 2ERHLEER i pcbystien e0Riing o

radi cal catal yzed i£apdly@yaliyRsieiarhine vIRIERAEAG e(lié‘)lél?e)urﬁﬂﬂdﬁmqya@lntéihL(b)
or (i)(c); wth 10 (B) at |east one ether conmpound capabl e of beling reacted

with at |east two fiephehout Béxghaug Ssethen atems.esters, thereof, or

di carboxylic acids, anhydrides or esters thereof, or m xtures thereof;and
15 (C) at least one aliphatic conmpound capable of reacting with at |east
one nonocir bogyl i Thatilticatingsil esmpoi@ObdS cldin P9 GheRixHt bkyskylene mbiydisi de
or ester thereof; and (D) at |east_ one aromatic conpound capabl e of
reacting with at | &x¥sthygee erpxyprapylansossmnixiurgs theregf- ester thereof: or

di carboxylic acid, anhydride or ester thereof. 27. The |ubricating oil
conposition of claim26, wherein in copolymer (iii)(b), said copolyner (i)
or copol yner (3li.) The Iblafdatiag eil campasitic@dofising loné b&claiaR 28 res0 whbreirattie cal .

‘catal yzed reaction product of conpound (i)(a) and conpound (i)(b) or

(i) (c) in the prespgsigehafpdt@madapolyokyethflempamngie. (D) or both. 28. The
lubricatifpg oil conposition of clainms 26 or 27 wherein the ether
32. The lubricating oil composition of any one of claims 26 to 30 wherein the

copolymer is copolymer (i).

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

15 copolymer is cbpolymer (ii).

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

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

copolymer is copolymer (iii).

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

monoamines, aliphatic diamines, and aliphatic polyamines.

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

30 aliphatic diamines, aliphatic polyamines and polyalkylene polyamines.
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conmpound (B) is a polyether polyamne. 30 71 29. The lubricating oi
conposition of claim28, wherein the polyether polyamne is a

pol yoxyal kyl ene di am ne wherein each al kyl ene unit individually contains
fromabout 2 to about 5 carbon atons. 5 30. The lubricating oil conposition
of claim 29 wherein the oxyal kyl ene noiety is oxyethyl ene or oxypropyl ene,

or m xtures thereo .. The lubricating oil conposition of agny one of,
claims 28 to Sg mi?%ﬁﬁ%fﬂf"ﬁélg %ﬂw@%&mpﬂﬁ%ﬁ Hewliwgeladhwwwﬁw@ﬂ@nﬁ 1s
diamne. 10 32. Theakhiatik aBkLiiRg oi | conposition of any one of clains 26 to
30 wherein the copolynmer is copolyner (i). 33. The lubricating oil '
conposition of any one of clains 26 to 30 wherein the 15 copolyner is

copol yner _(ii 34, The lubricating oil ¢ osjtipn of claim.33. wherein
copolymer (1199 o Tt perude Sifatiesdionss ThE 1 B dunc afbRE dAa s
reaction of mal ei CN QUEYIiEAnE BthyRRhiNE JORUEKING D Emindrafyladilie, Nuly i cat i ng
oi | conposition of any one of clains 26 to 30 wherein the copolymer is
copol yner (iii). 3@imetid amine propylamjnopt 1.3cmpoepropdmaerpheline. one of cl ai s
26 to 30 wherein the 25 amno aliphatic conmpound is .selected from group
consisting of aliphatic nonoam nes, aliphatic diamnes, and aliphatic

pol yam nes. 340. Theht Uibricsiaid 61l cathposGRPOEIA mdBre the lafibhatiztcomipiugd i dnhe
am no aliphatic conpound is selected fromthe group consisting of

al i phati ¢ nonoamni neslyalk3lgngpplyamine di ani nes, ali phatic pol yam nes and
pol yal kyl ¢he pol yam nes.

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

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

a) an N-arylphenylenediamine represented by the formula:

e
el Y @

15 R1g
' Ris is H, ~NHaryl, -NHalkary!, or a branched or straight chain hydrocarby!

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

alkenyl, alkoxyl, aralkyl or alkaryl; R(2)9 is ~-NHa, --(NH(CH3) n)mNH2, -

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

or alkaryl, having from about 4 to about 24 carbon atoms.
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72 38. The lubricating oil conposition of claim37 wherein the aliphatic
conpound is an aliphatic diamne. 39. The lubricating oil conposition of
claim 38 wherein the aliphatic diamine is 5 NN-diethyl am no ethyl am ne,
NN-di et hyl am no propylam ne, N, N dinethyl am no propylam ne or

1, 3- am nopropyl norpholine. 40. The Iubricating oi | conposition of 37,
wher ein the I i phatic ¢ und is | ene pol yam ne. 10 41. The
| ubricating B c@ﬂ%@?g‘i{% ISPI%W 2%/ms 26 to 40 wherein the at
| east one aromatic compound is selected fronta group consisting of a) an
N-aryl phenyl enedi am ne represented by the formula: / RRO R18 (__);- HN 1
~ 15 Rl19 Rbis H --NHa c anched or straight chain -

hydr ocar byl radi cal havi ng/f ‘. out ZA;R/a.meng atons sel ected
fromal kyl, al kenyl, al kojyl : 2) 19 is --NH2,
--(NH(CH2) n)nNH2, -- NHal yl--NH2, in which n

and m each have a val ue 20 ¥ and R2o0 is hydrogen,

al kyl, al kenyl, al koxyl Reara 'ng Hxpom about 4 to about
24 carbon atons. 73 (b) am nocar bazol rt]resent ed by the formula: NH2 R2
R22

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

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

(c)  anamino-indazolinone represented by the formula:

10

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

carbon atoms; and
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N 5 in which R2Z1 and R22 each independently represent hydrogen or an al kyl
or al kenyl radical having fromabout 1 to about 14 carbon atons, (c) an

am no-i ndazol i none represented by the formula: O NH2 HN R23 10 in which
R23 is hydrogen or an al kyl radical having fromabout 1 to about 14 carbon
atonms; and 74 (d) an am nonercaptotriazole represented by the formula: N
NH2Z SHN NH 5 (e) an am noperimdine represented by the formula: NH2 N
HN R4 10 (B whitt#mimomerapio ﬁle§em9%ﬁn5fgéwt§?foawu&=ky| radi cal havi ng
fromabout 1 to about 14 carbon atons; (f) an aryl oxyphenyl eneam ne
represented by the formula: R27

byt

H

(¢)  an aminoperimidine represented by the formula:

NH,
N = NH

\
—— Rx

s

10 in which R4 represents hydrogen or an alkyl radical having from about 1 to

about 14 carbon atoms;

(f)  an aryloxyphenyleneamine represented by the formula:

15 Raze

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

alkoxyl, aralkyl or alkaryl; Rog 15 --NHa, -—-(NH(CH)n)m NH,, --NHalkyl, or =~
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R25/ _\ 1J 15 R26 in which R25 is H, --NHaryl, -NHal karyl, or branched or
Straight chain radical having fromabout 4 to about 24 carbon atons that
can be al kyl, al kenyl, alkoxyl, aral kyl or alkaryl; R26 is --NH2,
--(NH(CH2) n) m NH2, --NHal kyl, or - 75 NHaral kyl, in which n and m each have
a value fromabout 1 to about 10; and R27 is hydrogen, alkyl, alkenyl,

al koxyl, aral kyl, aryl,. havi fr about t 0,abo 4 carbo
atons; provided t ﬁﬁ-ﬁmakgﬂng&@cgg aﬁag'f ‘Ef’é’g?a a yalyg éﬂ’(’?i‘?@’am f;{o ai’PPtaﬂ{zjﬁ?(?chai n
radi cal having fr g, b i gehrh bt al kyl ,
al kenyl , al koxyl, q?rglthg%gg?’tag{ly%ar yl ?’géﬂ‘g’%ﬂh%gl%??ﬁlﬁmﬁfwgr --( NHéCHZ%l"
) MNH2, - CH2- ( CH2) 4-tiNeBqut 84 caxbbn s provided timt whe Ranis hydnegen er abrianehe

conprising two aronati. aups,. linked b L e ed by the
fol'l owi ng f or nul a:0%1%35_%@19%5‘;1%%4%0&{{Eoﬁabggt Zﬁﬁﬁgélﬁ%@‘%EMer ein L
is selected from sflested Hﬁﬁ{‘alkyl,l\ﬂ'rkenyi,mgl, ara(yDbNRR&y1, then®Hhst be SER-,
- SO2NR29- or -SO2NH-, wherein R28 and R29 15 independently represent a

hydr ogen, an al kylor —~@NHECHDmwNHor -Ge-&iHedxyNHay poootrail-hli% r om about | 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 i ndependently
represent a kiydr egafomalicanhine adniprising tar atbmatic groups, linked by a group, L,

represented by the following formula:

R ==Y — R
30\/"_ 3 / 3z

£ Ras
B antS

10

wherein L is selected from —O-, -N=N-, -NH-, -CH;NH, -C(O)NRas-, -
C(0)O-, -803-, -SO:NRyg- or ~SO,NH-, wherein Ryg and Rz
15 independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy

group having from about 1 to about 8 carbon atoms;

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

20
Ry and Ry independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NOz, -SOsH, -
SO4Na, CO,H or salt thereof, -NR4; R4 wherein Ry and Ryy are
independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

25

| R, and Rs3 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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aral kyl, al koxy, hydroxyal kyl, am noal kyl, -OH, -NO2, -SO3H, - SOG3Na, CO2H
or salt thereof, -NR41R42 wherein R41 and R42 are independently hydrogen,

al kyl, aryl, arylalkyl, or alkaryl; 25 R32 and R33 i ndependently represent

a hydrogen, an al kyl, an al kenyl or an al koxy group having fromabout 1 to
about 8 carbon atons, -OH, - SO3H or -SO3Na; 76 R34 represents -NH2,

-NHR35, wherein R35 is,an al kyl r..an enyl .group hayi fr out 1 to
about 8 carbon atoms, WEPIF%&H%KN%{%FW&VE% ygﬁr _nﬁilg%sn%rrom 0to
about 10; 5 (h) an am pRuBihaviakEroaehisii @do AU bhbof htnk, CCMs{(CHi)Ng of

am not hi azol e, am nobenzot hi azol e, am nobenzot hi adi azol e and

ani noal kyl t hi azol e;  ( NHagn—&HrfsyliH: and iy feera Qte by the fornul a: 10 R36
H2N wherein R36 represents a hydrogen, an al kyl or an al kenyl group havi ng
~fromabout 1 to about 14 carbon atons; 15 (j) an ami nopyrrole represented
by the fofnul a: RB38-/ &n hninoBadzdNEelddtedHrom GhendroneconsiSg pEpnmEnizle

di val ent al kyl ene group hayi ng gbouyt 2 tq about ,6 carbon ato and . R38
represents a hydrogen, 2@ioRpigathiggole, gming E?Rﬂ“ae'?%ﬁﬁ WWQ“@M‘EN | to

about 14 carbon atons;

(1) an aminoindole represented by the formula:
10

R3s

r

HoN |

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

15

(]} an aminopyrrole represented by the formula:

Rss\( 4 j/\\ Ra7—NH;
|

H

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

k) a ring substituted or unsubsﬁtuted aniline, such as nit;oaniline or 4-

aminoacetanilide;

77




(k) a ring substituted or unsubstituted aniline, such as nitroaniline or 4-
am noacetanilide; 77 (1) an am noqui noline; (m an am nobenzi m dazol e; (n)
a N, N-dial kyl phenyl enedi am ne; (0) a benzylamine; and 5 (p) a benzyl

al cohol . 42. The lubricating oil conposition of claim4l wherein the
aromatic amne is N aryl phenyl enedi am ne. 10 43. The lubricating oil
conposition of cl a'{ 42 wherein, tpe N-aryl phenyl enedi am ne is

N- phenyl phenyl enediihni n@? 2BHOGHINNG L i cating oi | composition of O aim 43
wherein the N phegyy phenyhaReeiAMidSoles N phenyl -1, 4-phenyl enedi am ne. 15
45. The lubricating oil conposition of any one of claims 26 to 30 wherein
conpound (i) (b) of ?I@opoaN;ré}—d'(aﬂ()ylplsnpbhgdismbmene havi ng a nunber average
nol ecul ar wei ght (M,) of bfrom about 112 to about 5000. 20 46. The
lubricating oil coNBosi &PEMYHMREM 45, wherein the nunber average

nol ecul ar swei ght (i) | abbasmarbARst S00 to about 3000. 47. The lubricating
oil conposition of claim46, wherein the nunber average nolecul ar wei ght
(M) is fromabout 1000 to about 2500. 25 48. The lubricating oil

conposi tion of2any

ne,of clains 26 to 47.wherein, (i) ( i j:car hoxylic
acid, anhydri dé or Tﬁ%ﬁ“gw Wé% %lggc.’mﬂﬁlmfh%ﬂ\ﬁ%@rl c‘gPlérﬁé" @% Focﬁ)ar?gc?gjflﬁl Sﬁpof
claim48 wherein Walq;n;gieﬁyrchédi@)ﬁﬂe_s mal eic 30 anhydride or ester thereof.

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

N-arylphenylenediamine is N-phenylphenylenediamine.

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

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

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

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

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

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

25
48.  The lubricating oil composition of any one of claims 26 to 47 wherein (1)(a)
is a dicarboxylic acid, anhydride or ester thereof.
49.  The lubricating oil composition of claim 48 wherein wherein (i)}(a) is maleic
30 " anthydride or ester thereof.
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78 50. The lubricating oil conposition of any one of clainms 26 to 49
wherein the nonoolefin of (i)(c) is a 1-olefin. 51. A nethod of making a
| ubricating oil .additive conposition which conprises 5 reacting (A at

| east one of the follow ng copolyners: (i) a copolyner obtained by free
radi cal copol ynerization of 10 conponents conprising: (a) at |east one

ronoet hyl eni cahl v PSAbHERLEY) S o BIRGROR M A5 o UhcRt GE ¢ hor eor

or a (4-C28 |car OXyl'ic a hereo at

| east one 1l-olefin co Si out 0 40 carbon atons or at |east one
pol yol efi n conpri siHg§° %EEPPQ)(% édﬁ bon atons and having a termnal
copol yneri zable group in the formof a vinyl, 20 vinylidene or alkyl

vinylidene gr %‘I'p Ofa meffllroﬁ of aelﬁf)rnf‘a%ﬂ)%ﬁgﬁ}rggﬁ%vggﬁgﬁé%iﬂ g \Jﬁ?& cf%{rg{risgs

conmpound whi ¢ copolyrmeri zalll e W

is selectefl fromtheacgngup consisting of. (1) an al kyl vi nyI et her and an
allyl alkyl ether where the alkyl group is hydroxyl, am no, dialkylamno
or al koxy substituted or is 30 unsubstituted, and containing from about |

to about 40 carbon &} 0N 1649 one of the following copolymers:

) a copolymer obtained by free radical copolymerization of

10 . components comprising:

(a) at least one monoethylenically unsaturated
C3-Cyg monocarboxylic acid or ester thereof, or a
C4-Cyg dicarboxylic acid, anhydride or ester thereof;
15
(b)  atleast one 1-olefin comprising about 2 to 40 carbon
atoms or at least one polyolefin comprising about
4 10 360 carbon atoms and having a terminal
copolymerizable group in the form of a vinyl,
20 | vinylidene or alkyl vinylidene group or mixtures

thereof; and

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

25 is selected from the group consisting of:

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

30 unsubstituted, and containing from about

1 to about 40 carbon atoms;
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(2) an al kyl am ne and an N-al kyl am de - of a nonoethyl enically unsaturated
nono- or dicarboxylic acid of fromabout 3 to about 10 carbon atons where
the al kyl substituent 5 contains fromabout 1 to about 40 carbon atons;

(3) an N-vinyl carboxam de of carboxylic acids of fromabout 1 to about 8
carbon atons; 10 (4) an N-vinyl substituted nitrogen-containing

het erocycl i ¢ conmpound; and (5) ai..l east e |. -olefi risi about 2 to
40 carbon atoms or at |east one {%gl yofiudl Wge%%ﬂéﬁﬁg%ﬁ%ﬁg4 to about

360 carbon atons and having a term nglon6QRALMBRN wRMufatel MURoidt the form
of a vinyl, vinylidene or alkyl vinylidene group or m xtures thereof,

provided that the ol efin enpl oyed i sdigaboxtic asihel frem pheut 349 agper i n
I dq i i) (b): (iii | . . .
enployed in (i)(b); (iii) a copo ymr%&g&ﬁbﬁﬁgmgﬁvﬂe Eiaut%lm I]%@gﬁﬁlléﬂg;l ) (a)

and conpound(i)(b) in the presence o ree radical (rii)
a copol yner obtained by (a) reacting esgaunicm(abpial) tovdbolt £begrbatnstofns) ( b)
or (i)(c) in a non-free radical catalyzed reaction in the presence of
copolymer (i) or copolyner (ii) or both; or by (b) contacting copol yner

[ I bot h wkh t = i 4 ti
broduct of 30 compound (i) (a) Al coRpNoam T TUR o LI oy TR °Eo ()

at | east one ether conpound capabl e ofroinaibogt ¥ eabbetl varbén sibniseast two

10 | 4) | an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

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

20 olefin employed in (i)(b);

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

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

25 (ili)  a copolymer obtained by (a) reacting compound (i)(a) with
compound (i){b) or (i)(c) in a non-free radical catalyzed
reaction in the presence of copolymer (i) or copolymer (ii) or

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

30 | compound (i)(a) and compound (i)(b) or (i)(c); with
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" nonocar boxylic acids, or esters, thereof, or dicarboxylic acids, anhydrides
or esters thereof, or mxtures thereof;and 5 (C) at |east one aliphatic
conmpound capabl e of reacting with at |east one nonocarboxylic acid or
ester thereof, or dicarboxylic acid, anhydride or ester thereof; and (D
at | east one aromatic conpound capable of reacting with at |east one 10

nonocar boxyl i g, aci.d, or ester thereof: or.di.carhoxyli i dride or
eoter -t her esF) gatieR ofF B coRoREd samblstPEMBR R e leaR B Ol LT 81,
wherein in copol yocdrbozyliC Bids Stiete@OMRtesfiRE dicayboaylicendd, unyrdrides 9r or
both are contacted with the 15 non-free radical catal yzed reaction product
of conpound (i) (aystersdheseniperunixtures thewpEeand (i) (c) in the presence of
conmponent (C), conponent (D) or both. 53. A nmethod of inproving soot

di spersancy in an internal conbustion engine which conprises operating the
engi ne W Bh (@ | ubleastah¢ aliphaiit caapposlichpabie oRRactgpritisatrigastioma) or anount

of oil of lubricating vjscosity and an effectjv mount o he lubricating
oi | additive conp&¥npraspexyfic apidiomester t@ar.w%médac Sk ?%% aahéf&ﬁd%fteﬁ%
conposi tion of C'?EFP%@deherei” the aromatic conpound is an aronatic

ol | ow

am ne having the ng formula RR0O Rig K) HNJ 25 Rls R18 isH, .
--NHaryl, -NHal karyl, or a branched or straight chain hydrocarbyl radical

havi ng from ut 4 to about 24 carbon at elected. fr | kyl, al kenyl,

al koxgll, ar aﬁﬁ& Bﬂeﬁﬁ?%‘??ﬁ’{“a gomngoun ‘;‘qg?‘(sﬁ\elﬁietkﬂﬁz‘?ﬂh?ﬂ%ig?@l- NHal kyl?/

--NHar al kgl , - - CHzonoedirdxyliblRid or BstéhiheRof o ARtarBoR A adid\e@hAdrid dtesteB 1
thereof.

52.  The lubricating oil additive composition of claim 51, wherein in copolymer
(ii1)(b), said copolymer (i) or copolymer (ii) or both are contacted with the
15 non-free radical catalyzed reaction product of compound (i)(a) and compound

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

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

amount of the lubricating oil additive composition of claim 1.

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

compound is an aromatic amine having the following formula

— Rao
7\ [ S
ng HN \ j
25 _ Rig
Ris is'H, --NHaryl, -NHalkaryl, or a branched or straight chain hydrocarbyl

radical having from about 4 to about 24 carbon atoms selected from alkyl,
alkenyl, alkoxyl, aralkyl or alkaryl; Ry is --NHa, --(NH(CHa) n)mNHz, --
NHalkyl, --NHaralkyl, --CHj; --aryl--NH,, in which n and m each have a value
| 81




fromabout 1 to about 10; and R2o is hydrogen, alkyl, alkenyl, -alkoxyl,

aral kyl, or alkaryl, having from about 4.to about 24 carbon atoms. 55. The
| ubricating oil addi tive conposition of Claim 16 wherein the conpound 5
has the following fornmula: R30 QO A/L R34 R31 R33 wherein L is selected
from-0-, -N=N-, -NH, or -CH2NH R30 and R31 i ndependently represent a

ryorogens KL T et R S5 BB DD R e,

hydrogen, al ky| ¥ Wlkaryhahiak f0m alsut akk aboot 24 BaBo@m@ni333 i ndependent |y
represent a hydr ogen, an al kyl, an al kenyl or an al koxy group having from-
about 1 to about 8 carbon atons, or -OH, 15 R34 represents NH2, - NHR35,

wherein R35 isg an HKED, - gabout 8
" carbon atons, %- ﬂ%éﬁf C%nﬁ%ﬂor (flﬁfq{ g{rﬁg? ﬁl%d v&l@%lﬁ?%ér%n#({ug about
10; 20 pr6vi ded t thas thelieltovidd formuld&NHR35 wher ei n R35 is an al kyl or an

al kenyl group having from ﬂbout on @t ons, then either L
is -NH or -CH2- NH:; or R30° &\RSl Wﬁereln at | east one
of R41 or R42 is hydr ogen; or< -Rsane | ubricating oil
additive conposition of Claim conmpound is ,
4-benzoyl am ne- 2, 5- di met hoxani | efyd ) acetam de. 57.
The lubricating oi s UL m 6 (£in the aromatic
30 conpound is 3- r‘{‘lL ?eglgiﬁltl%ye%&%&ﬁB “Th Q]I(Iu’brl cat 49% ‘addi tive
conposition of Claimb54 wherein the aromatic

Rip and Rs; independently represent a hydrogen, alkyl, aryl, alkaryl, aralkyl,
10 alkoxy, hydroxyalkyl, aminoalkyl, -OH, NO, or, -NR4;R4> wherein Ry; and
| R4z are independently hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

Ry, and Ras independently represent a hydrogen, an alkyl, an alkenyl or an

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

15
Ra4 represents —NHa, -NHR;s, wherein Rss is an alkyl or an alkeny! group
having from about 1 to about 8 carbon atoms, -CH;-(CHy), —NH> or ~CHa-
aryl-NH, and n is from 0 to about 10;

20 provided that when Rj4 is -NHR35 wherein Rjs is an alkyl or an ‘alkenyl group

having from about 1 to about 8 carbon atoms, then either L is -NH- or —CHo-
NH-: or R3p or Ra; is OH or ~NR4 R4 wherein at least one of Rqj or Ryz is
hydrogen; or R3; or Rs3 is OH.

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

acetamide.

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

30 ~ compound is 3-nitroaniline.
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conpound i s N phenyl -1, 4-phenyl enediam ne. 5 59. The | ubricating oi

addi tive conposition of C aimb55 wherein the aromatic conpound is

4- (4-ni trophenyl azo)aniline or 4-phenyl azoaniline. 60. The |ubricating oi
additive conmposition of Claimb55 wherein the aromatic conpound is

4- phenoxyani l i ne. 10 83

58.  The lubricating oil additive composition of Claim 54 wherein the aromatic

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

5 59.  The lubricating oil additive composition of Claim 55 wherein the aromatic

compound 1s 4-(4-nitrophenylazo)aniline or 4-phenylazoaniline.

60.  The lubricating oil additive composition of Claim 55 wherein the aromatic
compound is 4-phenoxyaniline.
10
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