A LUBRI CATI NG O L ADDI Tl VE COVPCSI TI ON AND METHOD OF
MAKI NG THE SAME This applicationis a - -
Continuation-ln-Part of prior co-pending U S. Patent
5Application No. 11/118,550, filed April 29, 2005.
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al so directed to the process of nmaking the sane.
BACKGROUND OF THE | NVENTI ON 151t is known to enpl oy
ni Th?ga@piufmlmha‘a ai(gtgwmiban@ﬁmmast @Iptiiop to-gehdinged!Ss Ratent
or nu n o bricatin conposi tions. Many
WEBPH% 31Qﬂ§r ﬁkﬁ@%@@g@h? 089mpounds are based
on the reaction of an al kenyl succinic acid or
anhydride with an am ne or polyam ne to produce an
al kenyl succi ni m de drlEAD QFkEdly INVEOTII@EM ¢ aci d as
determ ned by sel ected 20conditions of reaction. One
probl em facing the [ubricant manufacturer is
di SRS hRABAYINQENIA i IdirabRideto B n§robdy bi%b@rs%{ additive
conmbusti on engi nes. Failure to have adequate
pasampesitarethahistuseddn speinsavitsy andt is elsel dirdcted id therprocess of
pl ge accunul ation, and oil thickening.
éﬁ%% B%?@ﬁgOF THE RELATED ART Liu et al., US.
Pat ent hb 6,117,825, discloses a lubricating oi
conposi tion that conprises a major anDunt of an oi
of |ubricating vB& ROUNI DR T VENBIGHY
synergi stic conbi nati on of an ant|OX|dant di sper sant
addi ti ve and 30a di spersant additive, said
c dirisi mm'rmm aropipy inﬁiown c(dn)ananr@cdhypasbmlt)drﬂm detergents in the

sccm AD ii t hyl ene | ene
S UBETHERPRET bHpans of CombestipRs. A ORRE RO
5,
cﬁ%‘?‘?@?ﬁé“e‘i%@%‘x‘?%‘?’?5‘2““@91%%%%”0po'P%%yne‘a'b“’“ of an
t ealMWmlm aed 0B-achpdredpvdh raprgoineforrpodyasinine o produce an

Pk BB P an Ak DGR A 8G0 A A RGN b selected
Wi ddhdibna Bt P@a@bﬁ”@hb%réb!@ﬁ{ b Sd"!ﬁeqwﬁt%wﬂﬂwan%ﬁtbl%& is
et al., U S Patent No. 6, di scl oses a

c cﬁj@ﬂ)@fﬁémcmﬁtmmmﬁatbynaﬁt@en materrmailcoametiwenfgizasi bailure to
of, .at | east. one eth | eni cal |y unsaturated - .
Gt B R ke R BBty B i 5T i ifacing.

- anfuReadRAnMAaRet, I@yﬁhmltﬁ@kbmngnsat urated conpound.

Qunt her et al. U S Patent No. 6, 284, 716, discl oses a
| ubri cating oi I

PESCRIPTION OF THE RELATED ART

Livetal, U.S. Patent No. 6,117,825, discloses a lubricating oil composition
that comprises a major amount of an oil of lubricating viscosity; and a minor
amount of a synergistic combinatioh of an antioxidant-dispersant additive and
a dispersant additive, said combination comprising: (i) a polyisobutylene

succinimide (PIBSAD) and (it) an ethylene-propylene succinimide (LEPSAD).
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conposition conprising a lubricant oil and a
copol yner obtained by free radical copol ynerization
of at | east one nonoethyl enically unsaturated C4-C6
15 dicarboxylic acid or anhydride thereof, an

oL NIRRl: R% G5 (RSS2 ke AR AL Sthnogiton
WI éé}neﬁs.ﬁ@a%x:ch.@éd EBQRrRtcoplolyméd. ob tePahenér Mas Ca-Cio

5,792,729, discloses a dispersant terpalyner 20 and
poaiybade@m@qi@fuea%rmwgnailsb@sn%pwé@atﬁﬁ Rener triene which has
- SHPELTEERIRL NG DERREGHIE camefiiE o RBYar o aromatic
re§gﬁ@mungmdwmmuﬁd|1 and a 1, 1-disubstituted olefin

in the presence of a free radical initiator. 25Barr

et al., U S Patent No. 5,670,462, discloses a

| “ébbﬁ%@' o Q0ls PE E 6e6 TR, WRANA cdguifhigr obtained by
reaction product o opolyneri zed ol efin

unBeAe mditﬁd:opaiytr(eqzencn af: yt bashgﬁeagmoemi&jmlywnﬁﬁttmated

e ra 6 |n|t tor and %tb% -SUCCI Ni . ne
pr pkee '8@0 Py HPE BEEOhAT %'l%’é‘%‘?tﬂ’i‘%&
Sugichabf w&agmga@@ﬁ% @Rshdurio! yami ne wherein the
hydr ocar stituted 30 succinic acylating agent
|s prepared by reacting a polyolefin and an acyl ati ng

of CONLE LRt PoiePiRer PRt B isiaoBE ™ bRl

hy@drﬁﬁ@énﬁc‘iﬂu C§M|9ﬁ§1hblﬂ B6riSARGINGd Acypalyineg obgamdd by free
Harri son et al U'S. Patent No. 6, 451,920, discl|ose

c oppelicareppalymgriaali) 9%@%@%1 QiidMaRCeRY ENiFElY wsewf«'atrea Ca-Co
RS Mo BT By IEE o 06, AR CIGER Hrtone

eI ﬂbﬁbé&yt@fﬁﬁl&&hﬁh&&aﬂeﬂ ddmepqirels ameeeinfiha cepolpmgr is further
acid. 5 Chung et _al., U S. Patent Nos. 5,427,702 and
5, reRstethyth aNMiB8e a nixture of derivatized
ethylene al pha ol efin copolyners, wherein functiona
groups are grafted onto the copol yner. The
f uRetrisonadtiat. ed} £ dpatenhln. by 921, 5] disictdseata dzeaertsaoht@rpolymer

of an am ne, ohol, includ o al c I

et palE it comPea ot oidred Polbte Gl 1he
Q&W@é‘ h$eQa8bn aF Jp! Sturated

Pa eﬁqﬁﬁl\}ga%gégﬁ%go di gzﬁt%&eiggﬁggvel gopgl yrargr ssofmra

uns(aﬁlarratagelntaelwoieﬁn.eam arft S-dimpsiitugpd elefia duther presence of a
11 cﬁel svvhereln at least 20% of the total high
r%lﬁ' FahiR BW( ol efin conprises the

15al kyl vi nyl i dene isomer which copolyners are useful

as dispersants in lubricating oils and fuel s and alg )
mefatetedel. $0P@E@b%lr)e5§@'py‘kﬁ%a ehiselanegeslubrgatiichelt additive

P ueropbaRy e skis EERER Biota LB h R gt e ffene
sl e oldsofanm Yossensionel s peesita it
t hamd {8 o siyqaEmideR@EPaEMem an aéY‘H’@rhV@ %%hw @ﬁﬁ’f%d

ﬂE%@kklﬁg%ﬁgﬂfﬁH@a M dhe% n'tie Hﬂygégbmubshtuted

st ere ’1s’ provi an oil-sol ub
I ubumrat; |angla¢mg agddi isi preparos iddcting rar;gpmleﬁh byd tameacylating

{J ng;%fm%ﬁhﬁlr %né@g& ;‘.}Eg}? ghraetaa% easq 7(5@18{ % he spamng polyotefin

is converted to the hydrocarbyl-substituted succinic acylating agent.

9.



30 (a) at |east one nonoethylenically unsaturated
C3- C28 nonocar boxylic acid or ester thereof, or

C4- C28 dicarboxylic acid, anhydride or ester thereof;
(b) at least one 1-olefin conprising 2 to 40 carbon

atons or at |east _one polyolefin conprising 4 to. 360
o TSGR Bhaldh: RAT Ao B 1 AR se R Pl ind =
gr . . e . ; v

O PRl 75 B, i) e fting any
| easiteanied poigalibaé withdbepmsatlraledaridis reagent at elevated

copol yneri zable with the noners of (a) and. (b) and
o Rembeawas i e brseRro aha aREr g of : (1) on

sal kyl vinyl ether and an allyl alkyl ether where the

10

al kyl group is hydroxyl, am no, dial k%cl am no or _
al IChupgsaiedt UtSitRateot Nps. uARTTORIandth (4,42Q disclose a mixture of

gt it
o BREV A8 Bt el R BB AR Sl R broups ave
ungpdftEcediReg t® BepolPinetl Ty RexibnAlized icdpolfmier nmkedowith at

10 "carbon atons where the al kyl 'substituent contains
f r lrasiong oflgn @mrb@,nalﬁ@'mfslﬂcttegﬂgaﬁolwivwﬁm%%lﬁm &1 de form

an WO bBE By Bl FPiguo bl oAt ()

het erocyclic conmpound; and.. (5) at |east one 1-olefin
conprising 2 to 40 carbon _atons_or _at | east one

poHasisem et ao UnipPatenh o 5l 236 . disclasss aoyskcopeymers of
ha\tﬁhgag(u?atﬁgc? LELRale CoRe! YAB rﬂiﬁﬁoﬁ’ec@f#%& Ht did¥s voRdRein at

of “a Vi nyr, “Vinyl'Tdéne or a viny e group or
m akt 2%t dfehe tital pighvholedulahakeight elefineomprsep iy ed

is not th he ol ef | | in (i)(b): -
15 (T vRinogoNg Reme B AN SRR MEGREES P AIRISEDEdy

20

25

angl g ' @RCR ueahimides
niipFFRRL B g fels Snd DBy LB toRrifR e oueah

r eand btigr posphaaed(@idivesi usefaldnpduicdtif® ¢l8andfual®( c)
in a non-free radical catalyzed reaction in the
presence of copolyner (i) or copolyner (ii) or both;
or by (b) contagRiHYDESRORNTRON OF THE eRuomsr (i)
or both with t non-free radi cal catalyzed reaction
product of conpound (0(a) and conpound (0O(b) or

(i Pt B B2 RSV BB oo
POARLREWiEPh %@Hbﬂ%er&eﬁ@bhﬁfﬂ%ﬁ is fafthBoreakaehwith aa ether
pol yether am no thiol, and a pol yet her polyol; and

( @yorapotinshand anarainoromatiagompousdd wherein in step
(A) said copolynmer (i), said copolynmer (ii) or said
copolyner -(iii) is adm xed with diluent oil, thereby
producing a dil ut et MAMARNTEFE THE INVEEOION aspect,
there is provided a Tubricating oil conposition
conprising a major anount of an oil of lubricating

STt e PR DB LY i

CopRbaSEoh PREpared Hythatprbesss whih cfmprivesfrebtiava ng

"~ copol yners. (i)a copol yner obtained by free radical
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(a) at | east one nonoethyl enically unsaturated C3-C28
nmonocar boxylic acid or ester thereof, or a C4-C28

di carboxylic acid, anhydride or ester thereof; (b) at

Ieast one 1-olefin conprising 2 to 40 carbon atons or

at st one polyolefin co r|S|ng 4 to 360 carbon

at o an@ 9°8¢ Yﬁ@‘grao?téw %W'WFQW%"@'@U wficamponents
the for mgff vinylidene or al kyl vinylidene

group or n1xtur S thereof and (c) at |east one

nonool efi n conpound which is c, opolynerizable Wi th

t he  nono rs 's sel ecte m t he
group co t?‘?@ét%‘a T?Té?}hyé yVPﬁ@ﬁ”'“%t?aé?é?ﬂj an

al lyl al kyI nedietardbesie atcitﬁoﬁéé%} tf@ﬁ’éb?of €4JUZQWBOthC
am no, dial kyl am no or al koxy substituted or Ts

unsubst i t ut é6id, anbydide ar asiegthiareeti 1 to 40 carbon
atons; (2) an alkyl am ne and an N-al kytam de of

nonoet hyl eni cal I y unsat urat ed nono- or dicarboxylic

acid of fbjomt Bdst oh@ caletinmoaiprizhg\P &5 20 dashd .’éﬁdms or at least
s. 1 to 40 carbon atons;

substi t uent contoié)r} 3)

N-vi nyl car b@REMAPISHn campBRIPOi4iozGdiearsony %W]Sﬁrldd"@“ng a
carbon ato

ni t rogen- cgﬁetrgf‘ﬁ%lng I’?ﬁﬁ%%y : lfjmj? H’l%ﬁﬂo v:rtyé)vmyltdene
| east one 1ovhkdyl vinglidene glougcizmlﬂtumstfmrboﬁaadorm or :
at | east one polyolefin conprising 4 to 360 carbon

atons and having a term' nal copol ynmerizable group in
thefor ?rf ﬁ?@gx Ildene or al-kyl vinylidene

group or‘“ni &R 'E"FIQ? lefin, cameind which: is €ogplymetizable
enpl oyed i SyAtAtth SGHEr f

(o(b), (ii) a éo%@f?/ner g@é%éﬁ%@%@aﬁ@ﬁ%&%ﬁ% g group
(0(a) and compdsting(©f(b) in the presence of a free

radical initiator; or (iii) a copolyner obtained by

(a) reacting corrpound (0(a) with conmpound (i) (b) or

(0(c) in a fwgn- faheaﬂekwamwaihee@halamﬁm éR@Péih@FWHéréﬂ?e
presence of copoly (i) or co ||? or

or by (b) cont a@{hyhgr%pglhyﬁmxyf)ua)maa dislkylaminp qna)lkoxy

or both with th a

product of conpgldgﬁnl(nfe)rd( a)lé g‘ﬂéﬁ’g%ﬁ‘%%ﬁhéxﬁg?ﬁ%ﬁ@ o 1 to
(0(c); with (B)4Qtcarmasatoore et her conmpound sel ect ed
fromthe group consisting of an ether polyam ne, a

pol yet her pol yam ne, a pol yet her am no al cohol, a

pol yet her i) noaf hilgl arrm@aad@ﬂlw%i mRR) ofed ; and

(C) at |east one aromatic am ne, wherein in step

(A) said copol yignhogthylerdeally lum@lrw@rm@np) obr said

copolymer (Hi) t hereb
produci ng a di l%@g%ﬁ@?cnﬁe&q@%b tnlp?eghgg GAEpS where
there is provi die mkyhﬂubetitueﬁt omkbimg feorn ubtol 4Rt
oil additive corrlrf))o& tion which conprises reacting (A

at | east one ofPHE¥fol | owi ng copol ynmers: (i)a
copol ymer obtained by free radical copolynerization

of conponents conprising: (a) at |east one
nonoet hyl edBtal @y Yi@hlﬁamxéml@%ofm&bﬂwbbawdaﬂﬁfrpm 1t0 8
acid or ester thereof, ar. a C4- 028 dicarboxylic

aci d, anhydride or ester ther eof ;

{(4) an N-vinyl substituted nitrogen-containing heterocyCIic

compound; and

- 33 -



(b) at least one 1l-olefin conprising 2 to 40 carbon
atons or at |east one polyolefin conprising 4 to 360
carbon atons and having a termi nal copol ynerizabl e
group in the formof a vinyl, vinylidene or alkyl
vinyl i dene group or m xtures thereof; and (c) at

| east one nonool efin conpound which is

copol ynmeri zabi e with the m) rrers of

i s sel ect ed ¥k ot g7t gEUOlE Hﬁogmrﬁﬁ‘%% io ag)c(aél%pn atoms or
al kyl vinyl et h%ﬁlé‘d&@'oﬁ@ @IJd(&eﬂr%dﬂthpﬁFsh‘@M‘f@%@cbhﬁm

al kyl group is hydroxyl, am no, | arni no or

al koxy substit uteé@maﬁnﬂshawmmé@rmluale@pommenzable group in
containing fro

am ne and an I\I-mc’Ell {(ch Qf WSP I'ﬁ@)noe ﬁ){r%kﬁﬁ ¢q ?l:é%“e group
unsat ur at ed noner nmktude@&rdneafybrcmcmﬁ ﬂhatbthef ol@ﬁnfénh;ﬂoyed is
10 carbon atons where the al substifuent contains
fromi vo 40 canshiesams a5y oimevpkyPlan 60bkn de

of carboxylic acids of fromlto 8 carbon -atons; (4)

an N-vinyl substituted nitrogen-contai ni 8
het diibcye cbeolymes obtained i redcting carepetndtifaland ef i n

gglrn;g: Z?‘f‘ﬁ“%%%‘ﬁ@m@ ﬂgé){) e%gglgggzlagg% aa[%il(??g Dfigor; or

having a term nal copol ynerizable group in the form

of a_vinyl, vinylidene or alkyl vinylidene group or

mi xt{iip es? Pﬂ@?'ﬁ@ﬁr obtained 8y (@h'éﬁacf'ﬂ% cgmeruAd

tt
PUERTIER A A T
and conpbempdésgride) of oondlwnglr(e)scerrmmd)jma' (i) eebotidioc &l (b)
nitiator;  or a _Ccopo mar obt aj b
Foact | nAAHPHOTES B T ORI o1 Pol) WER the non-free
(i)(c) 'rﬁdﬁ:aﬂ@@taifz%ﬁ ré@gﬂlmbr&ﬁlb@bﬁ@(ﬁﬂpé@ﬂfil)(g ahﬂ‘ compound
the presence of copol yner or copol yner
bot h; or(i)83y) qrdi{®owithct i ng copol yner (i) or copol ymsr
(ii) or both wwth the non-free radical catalyzed

reacti on product of conpound (0(a) and conpound
(B) (i at(ipystame ethey comipohndBeleated &ast thergroup lvensisting ofied ether

oot S hel SRR Pol AN BLivBiheP buffo Slcafiol o polvetner

alamh‘@lthm, qm:l ymhath@hmimolt andl , and a pol yet her
polyol; and (C) at |east one aromatic ani ne, and
wherein in step (A said copolyner (i), said

(C) coptdegsteme( ariomatic amnn@ eogcwfyerrem inistep (Aksaidwprekymer (i), said
Wi ' I
Coéégiowégf{‘i oPBé @ C)‘?Q%‘ah@%oa\lmgh gyggﬁt i, thereby
meprhddciof) atrhlfutedlcngOlymﬁr d| spersancy in an inter naI
conbusti on engi ne which conprises operating the
engine with the lubricating oil conposition

In a 666GHd Séputt XhEES BY provRiedta Ribrieblin@bil tumposRibhn®mprising a
viscosity and an effective anmount of the lubricatin

majo Moy iof p0 &1l twerigatingrviseosifsmrdeiminprianeoyptafithe Iu gbrlcatmg
. t

oil aqtRARE compb3ioh Prdt Ra Ty i TRGLe Spicn AR5 T Raging
['ubricating oil additive conposition prepar ed by the
pr.Qcess ich co react i n A) at | east one of
tr{g‘gfolqt:ﬁgﬁ‘ 0‘33':'93%'?%”'”9@?9 E’@é& yner obtai ned by
free radical copol ymeri zation of .

(iy a copolymer obtained by free radical copolymerization of

-3b -



conmponents conprising: (a) at |east one

nonoet hyl eni cal | y unsaturated Ca-C28 5nonocar boxylic
acid or ester thereof, or Ca-Cmdicarboxylic acid,
anhydride or ester thereof; (b) at |east one 1-olefin
conpri sicogpmiments @rnprigiigcar bon atons or at | east one
pol yol efin conprising about 4 to 10 360 carbon atons
and having a term nal copol ynerizable group in the

formof a vi QKe’at‘(éé%t'dn%%@n@éth?le'ﬁ%ally u?%btﬁsﬂ?e%l QL-eyp

or mxtures thereof; and (c) | east “one nonool eti
conpound -whi ch' irsonseashokylicerdid abkestenithdreoh ®r mbeles s

of (a) and (b) apd is selected fromthe grao :
consi sting of + CHSARRxAIGAR AR Ee s st dngreog |
al kyl ether where t he
al kyl group is hydroxyl, am no, dialkylam no or

20al koxy sulsy i téi'lé;éjst%"ne'ﬁoléﬁﬁ brisited o @d
contai ning fromabout 1 to about 40 car bon atons; (2)

an al kyl ani ne Satbemalons kyatlepdeonrs palyolefin comprising

acid of f1 om aboht 300 s TR By Bowingid BRI FobSiymenzavie

the al kyl subst IgtrU@pilin tr@wmmrtﬁ & viaph apgliderle bPakboUhylidene group
40 carbon atons; (3) an N-vin Icar boxam de of

carboxylic aci dor Fixturesiharesb@d1l to about 8 carbon

atons, (4) an N-vinyl substituted nitrogen-containing

het er ocycl i c conpound; . and -4- (5)at |east one

1-ol efin cofgri st tepst commbowtiefh tomaboot wiich & dopolymerizable

atons or at |east  one polyol efi ompr.|.sing.frgm - :
‘about 4 to aboutV edﬁ?"a eBSa?Tgﬁ"f'g agﬁdl)ﬁgoggllﬁgséected from the group
term nal copol ygBhtigaRd ef:

(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 1 to

40 carbon atdm,s;

(2)  an alkyl amine and an N-alkytamide of monoethylenically
unsaturated mono- or dicarboxylic acid of from 3 to 10
carbon atoms where the alkyl substituent contains 1 to

40 carbon atqms;

(3)  an N-vinylcarboxamide of carboxylic acids of from 1 to 8

carbon atoms;

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

- compound; and

-3¢ -



group in the formof a vinyl, vinylidene or alkyl

vi nyl i dene group or m xtures thereof, provided that

the olefin enployed is not the sane as the olefin
enployed in (i)(b); 10 00a copol ynmer obtai ned by

‘reacting conmpound (i)(a) and conpound(i)(b) in the
presence of a free radical initiator;-(iii)a

copol ynmer olfspi natlldast bap -eladihicomprisingo? tal 40 @aa)on atoms or

wi th 15conmpound (j)(b) or (0(c). in a non-fre adi cal
cat al yzed Teact | ShiepRt ateppbeElRcOaIRR 1 Hep SN atoms
or copol yner (i ':'%n@hapiﬁrbrga'rte?mirpé{ c?B%lyﬁR—;‘?Fz_@BFﬁ g?l'%gp in the form

copol ymer (i) or copoly 0 oth wt
non-free radi cal ofcavimyl vénylideae o atkypvioglidgneogroup or mixiures

compound (0(a) dc oun or, Li)(c rei.n

t he copol yner o?{%ﬁ‘i?’ H"j"deoq(t?‘(z‘gzﬂﬁ ?'?fm\ﬁg‘?#l‘”(%j%a@*f‘e same
| east one et her gofmpolatnsehgeyedin (i), t he group S
consi sting of an ether polyam ne, a polyether

pol yam ne, a polyether am no al cohol, a pol yether
am noy;khi ol _ 1 X ;
| east (Igne aarl gﬁgglly@eg%b‘l’nﬁﬁQq_ﬁgqg%x%@egn?&ﬁﬁg%ﬁdogz@aééﬁg

~ al so di r ectempourd(i){inrin ¢ presevick of erfpes radieal initiator; or
conprising a major amount of an oil of lubricating
viscosity and a m nor 30anount of the lubricating oil

addit (ife camepsyiméerottarrarsd d)Yeddtmgrdrmpemdi(§hwith compound
conprises reacti n?(p)( A)at | east one of the foll ow ng

copol yrer s{iXbor (ifr) i & ppeifiasiadii satpbereasirepetien in the presence

radical co : | | nent : i &hna: .

S(a) ot 1 oadt CHREVRER ) BF oBoolfAER BXR L1 A0 Entasiing

nonocar box gbpalyai di) or cepd_algmert(ﬁay@'dthh m\rittﬂ«ﬂae@ﬁm-free radical

di carboxyl chta lee%’ re%g{?gr(? 'E)Iroddeuc?[)f ce:g’rtn;exr)urtulj1 ?iS(%?];hd compound (i)}b) or
(iXc); with -

(B) at least one ether compound selected from the group consisting of an ether
polyamine, a polyether polyamine, a polyether amino alcohol, a polyether

amino thiol, and a polyether polyol; and

(C) atleast one aromatic amine, and wherein in step. (A) said copoiymer (i), said
copolymer (ii) or said_ é;opo]ymer (ii) is admixed with diluent ofl, thereby

producing a diluted copolymer.

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

composition which comprises reacting
(A at Ieasf one of the following copo]ymers:
Q) a copolymer obtained by free radical copolymerization of components

‘comprising:
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(b)at | east one 1-olefin conprising about 2 to about
40 10carbon atons or at |east one polyolefin
conprising fromabout 4 to about 360 carbon atons and
having a term nal copol ynmerizabie group in the form
of a vinyl, vinylidene or alkyl vinylidene group or

m xtures thereof; and 15(c)at |east one nonool efin
coi - npound (#hi shekst ofePRInvERicARBIEUNItaldhes h@poner s
of (a) and (b) and is selected fromthe group

consi sting of : MPTYCAPOXIi%HFd ¢F aster Betesf, cARLCakal |y,
al kyl ether whgrgmaQubecal Kyl dfbOBPedts: ﬂé%‘bﬁx}" !

am no, dial kyl am no “or alkoxyfsu stituted or is
unsubstituted, and containing fromabout 1 to about

40 carbon at.ons; éZ)Van | kyl am ne and an
N-al kyl ani @@ oft'g SESH%ﬂég?fmoa?ﬂﬂé@B%ﬁ%Qscﬂwt@@s
mono- or di CarMYédsFo@&b&ycﬁéﬁr{d’o‘ﬁ‘iBr@PxI%%to%docbagn%bg\m

10 carbon atons where the-al kyl substrtuent co I ns
from about 1 tadomb@ot having artbromnaltcopalymaife®)agroup in
N-vi nyl car boxam de of. carboxyl.ic aci of from about
1 to about 8 3&1?%%“ At Vi yﬂjieréenorléf@yli HS’/’V"J‘*”E group
substi tut ed nidrireigfesCiBieal; @hAg het erocyclic
conmpound; and (5) at |east one 1-olefin conprising
fromabout 2 to 5about 40 carbon atons or at | east

one pol yol g rbtgé’qgg&!lé%ﬂoc{:!éﬁ’ﬂﬁg;ﬁ’o%g%t@wgrkégéjém?%ggzabie with

carbon ato an Vihg a

group in the fthe Mopbmers/dips) andvibhshd Besefoc@id Rk Yhe group
vi nyl i dene group or m xtures thereof, provided tha

10t he ol efi n &RPF8YPTi s not the sane as the ol efin
~enployed in (i)(b); (H)a copolynmer obtained by

reacting conpound (i) (a) and conpound(i)(b) in the
presence of a {fee dregk@@lnyl &théd #lddn ailyPalkyl ether where the alkyl

group is hydroxyl, amino, dialkylarnino or alkoxy
substituted or is unsubstituted, and containing from 1 to

40 carbon atoms;

(2) “an alkyl amine and an N-alkylamide of @’
" monoethylenically unsaturated mono- or dicarboxylic acid
of from 3 to 10 carbon atoms where the alkyl substituent

contains from 1 to 40 carbon atoms;

(3) an N-vinyicarboxamide of carboxylic acids of from 1 to 8

carbon atoms;

(4} an N-vinyl substituted nitrogen-containing hetérocyc!ic

compound; and
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i)a copol ymer obtained by (a) reacting conmpound (0(a)
with compound (i)(b) or (i)(c) in a non-free radical
catal yzed reaction in the presence of copolyner (i)
-or copolymer (ii) or both; or by (b) contacting
copolymer (i) or copolynmer (ii) or both with the
20non-free radical catal yzed reaction product of
conpound (')(B(F%andaﬂ@gﬁ%ﬁq -irPdo rlsﬂ'@(zctb 40U Bdms or at
at | east one ether conpound selected fromthe group

consi sting of an et ﬁéstmmﬁlﬁ@ comppsihg étth 860 carbon atoms
pol yam ne, a pol yet am no, al cohol , a 25pol yet her

amino thiol, and a %%({ Da¢he? terggllrvg?gﬁogfwn(z%ﬂeg{oqpéa&e form
one aronatic am ne. of a vinyl, vitylidefd 85QK vﬂglﬁfdn@%&b drémixtures -
also directed to a nethod of rraklfctg a lubricatin

'300i | additive conp®srad.diovigadiha ﬁﬁleif'g@g‘ﬂkéfﬁéﬂﬁ gy the same
A | f
(A Teast one o'yl oaapopgyper s (1)

copol ynmer obt ai ned ee ra ation
of conponents conpr|3| ng: (a) at |east one

nonoet hyl eni cal tur ed 3- C28 5nonocar boxylic
aci d o?}l)estae?c’pf) @‘g%g&f’@ﬁ%?ﬁ(&l%%@ngm d,
anhydri de %m%‘éhﬁcﬁ(l)w)ﬂf@n@fpres@ﬁ}:e @fai‘r@@%dlééﬂﬁm%td?j (?rf' n
conprising fromabout 2 to about 40 carbon atons or

at | east one polyolefin conprising from 10 about 4 to

about 360 a%nlggﬂ(m%ﬁ' %B%m%ﬁt ggvrlef’;\%lngfcto%{pguﬂéa/ i)(a) with

copoly eri zabre group 1n

vi nyl i dene compalihey {i)(t) dryi)icH Rnengi- mra@rcaMa?télyliéﬂ&eactlon in
thereof; and (c) at | east one nonool efin conpound -

whi ch is 15%YEFSIRSIT £aBPIEMGS @)rprtcra@efwﬁ%@ﬁs@rsboéh or &y (b)
(D) an arkyr"aefm EELRMS (ST LBIHON of BN i fignBhfree
\é\he{ﬁ lthe. sddic! cgﬁatylupd reachgmgpm;d?&:tiof gmpmnd (iYa) and

ia am no_or oXxy. stituted or is
unsub)s(tituf:%'a'!oo‘é'??g&ggrﬂri'i)éiﬁﬁﬁthfrom about 1 to about

40 carbon atons; (2) an al kyl am ne and an

N-al kyl am de of a nonoet hyl eni cally unsaturated nono-
or(B) at least one ether compound selected from the group censisting of an

ether polyamine, a polyether polyamine, a polyether amino alcohol, a

polyether amino thiol, and a poiyether polyol; and

(_C) at least one aromatic amine, and wherein in step (A) said copolymer (i),
said copolymer (ii) or said copolymer (iii) is admixed with diluent oil, thereby

producing a diluted copolymer.

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

amount of the 'Iubricating oil additive composition as defined in the first aspect.
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25di carboxylic acid of fromabout 3 to about 10
carbon atons where the al kyl substituent contains
fromabout 1 to about 40 carbon atons; (3) an
N-vi nyl car boxam de of carboxylic acids of from
30about 1 to about 8 carbon atons; (4) an N-vinyl
substituted nitrogen-containing heterocyclic
In i€ SPRURdeARdimént, tHOpRscheRsE diseRlsehé R directed to an oil-
conprising fromabout 2 to about 40 carbon atons or
solubte lubkisatingneil pddifive ebmposiioprirepatpd by iheaprogese which
~__about 360 carbon 5atons .and having a term na
CO”%@B%?V%%&PQabIe group in the formof a vinyl,
vinyl i dene or al kyl vinylidene group or m xtures
t hereof, provided that the olefin enployed is not the
(A) saftblegst enrobiheroliowing Gpaymarsio(b); 10 (ii) a
- copol yner obtai ned by reacting conpound (i)(a) and
compound(i)(b) in the presence of a free radica
initiator; (iii) a copolyner obtained by (a) reacting
conpound (i)(a) wth 15conpound (i)(b) or (0(c) in a
non-free radical catal yzed reaction in the presence
of copolynmer (i) or copolymer (ii) or both; or by (b)
contacting copolynmer (i) or copolyner (ii) or both
wi th the non-free radical catalyzed reaction product
of conpound (0(a) and compound Md) or (0(c); with .
20 (B)at |east one ether conpound selected fromthe
group consisting of an ether polyam ne, a polyether
pol yani ne, a polyether anino al cohol, a polyether
ami no thiol, and a pol yether polyol; and 25 (C)at
| east one aromatic am ne. Accordingly, the present
di scl osure relates to nmulti-functional |ubricating
oi | additives which are -useful as dispersants in an
i nternal conbustion engi ne. 30DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Whil e the invention is susceptible to
various nodifications and alternative forns, specific
enbodi nents thereof and are -herein described in
detail. It '

GOV wwh h-.ﬁ A
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-9- shoul d be understood, however, that the
description herein of specific enbodinents is not
intended to limt the invention to the particul ar
forms disclosed, but on the contrary, the intention
is to cover all nodifications, equivalents, and

al ternaty ves ' Al hlit hm&g@gﬁ@mof
t he inngti6%E§b§¥9%ép%%ﬂggkﬁy?ﬁgp%%gﬁ“%@% cl ai s.
Defi ni ti ons ddmepdreditowomgrisieghs used with the
description are defined as such: 10 The term"RIB" is

‘an abbrevi ation for polyisobutene. The term " Pl BSA"

i's an abbreviggt i of bt Rl nbsekuyieRithallp uasataiated Cy-Cos
anhydride. 15 The term "pol yPIBSA" refers to a_class

5 0f copol ymers enphopecarkpxyicracicher eslgptheseof; ReCaCas

10

15

20

25

30

1s one or greater; Ri

present invention which are.co f-
pol yi sobut ene anodfgar?‘?f?ﬁggt%cﬁ’em gﬁﬁﬁ%%ﬂ%&fﬁ&}g%ﬁgd
C3- C28 nonocarboxylic acid or ester thereof, or a
C4- C28di car boxylic acid, anh%a%rl de or .ester t erﬁoéarbon

whi ch have & boxatileagtangs!-olalBrMNISNS ARyt

groups, and polyi t U\gﬁ E&hpadngbout 4 to

pol yPIBSA is a co%gﬁt/én%ratg%%%ﬁ?ipsé u%ne aR_d n%l eic

anhydri de havi ng 3é¢ecgreon=adms anditiaving atemiaalsiopolymerizable
. R2, R3 gnd R4 are, sel ect N

from hydrogen, med"BYP IR ﬁ%ﬂ“ﬁafs%‘ﬂ[]ylyi‘"n%%q?gorafﬁ%’l vinylidene

| east about 30 cag ( sPnRfresabhy at | east

about 50 carbon %%ﬁé)&mg@gn either RL and R are

hydrogen and one O R3 and R4 is nethyl and the other

i s polyisobutyl, or, R3 and R4 -10- and

one of RL an® Rz Fdeahiqiip™ Hag‘?ﬁ% Céﬁ}%’#’%g’m&?g

pol yi sobutyl . Theicwwﬁé@z%téml MaBho@Meldaf (a) and (b) and is
alternating, block, or random The term "succinic

group” refers to selgetedframathagraupecarsisiBi e  wher ei n
Wand Z are independently selected fromthe group

consisting of --OH, --C, -0- lower alkyl or taken
together are --0-¢)to 49aKyBviayicsther end Bandtyldikylether where
group. The term"--0-1ower "alkyl" is nmeant to i

i cl ude .
al koxy of from about 1theclian aneup iscrbe ! 21, glaikyﬁjammo or
‘ alkoxy substituted or is unsubstituted, and

containing from about 1 to about 40 carbon atoms;

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

from about 1 to about 40 carbon atoms;

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

about 1 to _about 8 carbon atorns,;

{4) an N-vinyl substituted nitrogen-containing
heterocyclic compound; and

_4 -



The term "degree of polynerization" refers to the

aver age nunber -of repeating structural units in the

pol ymer chain. 15 The term"terpolyner"” refers to a

pol ymer derived fromthe free radical

copolynerization of at |east 3 nononers. The term
"l1-olefin" refers to a nonounsaturated ol efin that

has the doubl e 20pgnd LiidRPorts RO QimpriIRY fibfflabout 2 to

“also be called al |ns ave t e f0Oll ow ng

structure: CH2 = CHR 25hhet 40 Barben phems es at st bee polyolefin

olefin nolecule. The term "1, 1-di supst,tute I in"
refers to a disubstit UFQWPHFE‘QlfFPmQ glét‘}t g%“q 350 hrbon
gvinylidene ol efin, thabtd?ﬁeahaﬁamﬁb'aowrm&arhbp@ymeﬁzabre

CH2 = CR5 R6 vvhereln R5 and R6 are the sane or
di fferent, and constit gtaupindhe &ym offa vingl, mirgdidene or alkyl

nol ecule. Preferably, either R5 or R6 .S ,
group, and the other 'gméfﬁ ne grouP OF i ‘%scg'\%k&#r pigvided that
i's understood in the affe é@f.h@mmwirédnaﬂbtﬂre $difie as the olefin
am de, imde, etc. species which are also forned by

the reaction of a succeniptoyathpdiidde with an amine.

The predom nant product, however, is succinimde 10

and this term has been generally accepted as neani ng

the progyct gkopokArGtdmginet byeatiitRnodmpaund (i)(a) and

al kyl - substltut ed succinic acid or anhydride vvlth an

ami ne. Al kengemppund(h) BibeiPresAnge o ariteaiasioa) §ulpten
nunmerous references and are well known in the art.

~ Certain fundanental types of succinimdes and rel ated

rrat eri ali) engespelyset cmtaxhbd btye(emeaﬁ:trag tompound (i){(a) with

"succinimde" are tau in 15U. S F' .
15 2, 992, 708; 30@@809@1(1?@)@2@ (skip a goq%@egeg“tca catalyzed reaction

3,210,666, 3nife phSlnth ubind ) orBpolasi AP By o by

of which ar e her y 1 ncorpora refer nce.
The term " pofby sontaatingiabeblyredrefi)or topblysiardacer mih with the

BT o S RO T LSRR B o
aci d deri vat b corrBbEhA (hb)r (LRIl dipolyier of (), (i) or

_ formula: O
20 (iii); with

10

(B) ) at least one ether compou'nd selected from the group coneisting ef an
ether polyamine, a polyether polyamine, a polyether amino alcohol, a
po!yether amino thiol, and a polyether polyol, and
25 | o

(C) atleast one aromatic amine.

The present disclosure is also directed to a lubricating oil compos.ition
comprising a major amount of an oil of lubricating viscosity and a minor
30  amount of the !ubricatihg_oi! additive composition prepared by the process

which comprises reacting

(A) atleast one of the following copolymers:
_5-



R7 CCL HC C M 250 wherein R7 is selected from
hydr ogen, nethyl and pol yi sobutyl having at |east
about 30 carbon atons (preferably at |east about 50

“carbon atons); wherein L and M are independently

selected fromthe group consisting of --OH, --d,
-12- -0-- lower alkyl or taken together are -0- to
form an al kenyl or al kyl succi ni c anhydri de group.

The ter@p " ]flld(otbpdlyrlxqf:b'r ﬁbt@@?‘edohiy fraé kadivalopipotjersrization of
i soner" refers to high nolecular 5 weight ol efins an
pol yal kyl enERHRBERENEITREYHg t he fol Igovvi ng |
vinylindene structure: 1Owherein R8 is alkyl or
substituted al kyl of. sufficient chain length to give

5thg ;eslulti r(ﬁ) rmlRagmnse opel mbnodgthylenisalhugrsatiratad Lorbas
~an uel s, thus u I 1.y h
carbon atons, pr é?‘%'?enerbg)&fl%la@i@?rat%%ﬁ?]%g%&ggrgé—h@zs

10

15

20

25

30

atoms and RO is |m@boRieydci®farfhyandabputict thereahout
6 carbon atonms. 15The term "soluble in lubricating

oil" refers to the ability of a material to dissolve
(b) at least one 1-olefin comprising about 2 to about 40

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

alkyl vinylidene group or mixtures thereof; and

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

selected from the group consisting of:

(1) an alkyl vinyl ether and an allyl alkyl et_her where
the alkyl group is hydroxyl, amino, dialkylamino or
alkoxy substituted or is unsubstituted, and

containing from about 1 to about 40 carbon atoms;

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

from about 1 to about 40 carbon atoms;

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

aboui 1 to about 8 carbon atoms;



in aliphatic and aromati c hydrocarbons such as

| ubricating oils or fuels in essentially al
proportions. The term "hi gh nol ecul ar wei ght ol efins" -
refers to olefins (including 20 polynerized ol efins

havi ng a residual ,ynsat urat.i an)  of.. suf f.i i -
nol ecul ar wei ght &ﬁd cth ﬁ“P@l%"tbﬁ&tf‘lgeJ %ihgb%gfg%ﬁami??/
in lubricating oil to gigidcycRacdhpbumf;eshdct s.

Typically ol efins having about 30 carbons or nore
suffice. The term "hi gh nol ecul ar wei ght pol yal kyl "

f I yal k f gt f i cl
wei ght such bt Bie et g g Rafighot 2 o

ssufficient nol ecul ar veiqhoatabswhtdphsot at least one polyolefin
lubricating oil. Typically these high nplecul ,
wei ght pol yal kyl gr oup@mﬁnﬁfroﬂb%‘?“téb@lﬂcboyggggrcﬁwn'
atoms, preferably at lﬁeﬁ{? Q@ﬁéviﬁ@aqgfnbﬁﬁl SiEnerizable
These hi gh nol ecul ar werght pol yalkyl groups nay be
derived from hi gh nol egrebipiin Wee fin ofad yioylevinplidergoor alkyl
The term "am no" refers to -NRLOR11 wherein, R10 and .
R11 are independent |y WYHideg&B8HP QT HV%PE?&QPSW” provided that
4097 0up. The term "al kyl S 8mpRyealid ndt thei Ghte aghitk olefin
branched-chai n al kyl groups. 5 Thée term "l ower al kyl" :
refers to al kyl groupserhployed if (ifb};about 1 to about 6
carbon atons and includes prinmary, secondary and
tertiary al kyl groups. Typical |ower alkyl groups
| ncl ude gl or 5 QERhfer BRAHNA by #eiting drsaund ()(a) and
i sopr opigl', n-butyl’, sec-butyl; t-butyl, n-pentyl,. _
i so-pentyl, cemeryhd@iy io lee precence of aiee i@dieal initiator;
"polyal kyl" refers to an al kyl group that is
15general Iy derived from pol yol efi ns which are pol yners
or corJol(g;?ﬂrer 5 BholfRe Blahed by (BRfdcnY @binpound ()(a) with
1-nmono-olefins, “such as ethyl ene, propyl ene, 3 L
but yl ene, andoinipeund K¥b) ¥ @%/(é} ubd pon-iee ragical eatalvgd reaction

enpl oyed wi Il have from gbout 2 f0+3abq i “orb

atome “and it BegTRrERR RN R Lo e e R or by

car bon at ons (hyMyheadiihg fcepbBendvijcor @opblyneeri(icdruztéh with the

propyl ene, butylene, particularly isobutyl en(g,, d (i)a)
201- oct ane andnmndf@@e’ﬁdwab@@fiéﬂzﬁéd?awwpéf‘% compound (i

prepared from sug NG~ fi hnchkde

pol ypr opyl en@naégh?b%gpgé@dbsgsrgg(g)QI&W pol yi sobut ene.

20 The Lubricating Ol Additive Conposition One

enbodi ment of the present invention_is an oil-solubl.e

| ulB) caet legsbone amrtcpwoeel&ﬁipi%?%t%ﬁom 478YP ggn#tﬁéﬁg of an

Process &Y ércp%!ycamé,' 5 BolyeRRTddibmine, a polyether amino alcohol, a
25 polyether amino thiol, and a polyether polyol; and

(C) atleast one aromatic amine.

The present disclosure is also directed to a method of making a lubricating

30 ofl additive composition which comprises reactjng

(A}  atleast one of the following cobolymers:

-7 -



25 (A)at least one of the follow ng copolyners: (i)a
copol yner obtained by free radical copol ynerization

of conponents conprising: 30 (a)at |east one

nonoet hyl eni cal I y unsat urat ed C3-C28 nonocar boxylic

acid or ester thereof, or C4-C28 dicarboxylic acid,

' “anhydri ﬁ)e or gﬁé@gg{etl%ﬁ(ﬂ{éd by Rée PdditAavboRfterization of

1-ol efin conpri about 2 to 40 carbon atons or at
| east one potgopedienis comprisisghg about 4 to 360 car bon
atonms and having a term nal copol ynerizable 5group in
the formof a vinyl, vinylidene or alkyl vinylidene

group or m Xiyr esattibgsienk:mémskthylenicallf GhsadtraiedSt-Cos
one nonool efi h conmpound whi ch i s copolynerizable with

5the nonomers of (mpneeafbpnyicac erestesiareealcdr ¢+ brm

t he group consi Stf'il@?'b%@v’éa]‘%%??‘&?{%ﬁ‘?é OYEQt%II';tfgérQSﬁ and

an allyl alkyl et gr oup

hydr oxyl, am no, dial kyl am no or al koxy substituted

or is unsubstituted, and 15containi n%_ 1 tIo 332) c?ﬁgon out 4
atons; (2) ab)al katileastione kAR SORPASING oM @Oyt 240 about 40

nonoet hyl eni cal 'y . 4psatyrad gp\al\ﬂgga-org %gygllgﬁ,&%mpiﬁgmg from

acid of 3 to 10 carbon at ons re 20t he

10 subst i t uent cont st 8 thabé0t 360 banboatadoms sn@)haming a terminal

15

20

25

30

N-vi nyl car boxani de of carboxylic acids, of ta 8 . .
carbon atons; 25 qqgolsgﬂerp@a\%i%gqougd%él?? {(ﬁfne%lfa vinyl, vinylidene or
ni trogen-contai ni HiRGLBHESY Gldup GAARALRE théreer, Ghl at
| east- one 1-ol efizﬂg%o r?si n é@out 2 to 3040 carbon
atons or at | east one polyolefin
{c) at least one monoolefin compound which is
copolymerizable with the monomers of (a) and (b) and is

selected from the group consisting of:

(1)  an alkyl vinyl ether and an allyl alkyl ether where
the alkyl group is hydroxyl, amino, dialkylamino or
- alkoxy substituted or is unsubstituted, and

containing from about 1 to about 40 carbon atoms;

(2)  analkyl amine and an N-alkylamide of a
monoethylenically unsatu[ated mono- or
dicarboxy[ic acid of from about 3 to about 10
carbon atoms where the alkyl substituent contains

from about 1 to about 40 carbon atoms;

(3) ~an N—viny-lcarboxamide of carboxylic acids of from

about 1 to about 8 carbon atoms;

(4)  an N-vinyl substituted nitrogen-containing
heterocyclic compound; and

-8



conprising about 4 to about 360 carbon atons and

-having a term nal copol ynerizable group in the form

of a vinyl, vinylidene or alkyl vinylidene group or
m xtures thereof, provided that the ol efin enpl oyed
is.not the sane as the olefin enployed in M); 5(ii)a
copol yner obt ai ned by reacting conpound (0(a) and

d(i)(b) i f  adi cal
oo ) " GBS Ph DGt it e BBl ghput 2 o
conpound (0(a) wth CO'H&@HFQ‘O chitloR)atéths 6P GEleakome polyolefin
non-free radical catal yzed reaction 10in the presence

of copolymer (i) or copemprising(fram abeutybtchabast 36 qamyon

Gith the non free rad G ARAT GRS ehbink Badihizetie

of conpound (0(a) and epsmEkNEe forh( &)a einyl Onglidend dihalkyl
15 (B)at | east one ether conmpound sel ected fromthe
group consisting of an V@Wﬁ@@“ﬁ)ﬁi%’ﬁrﬁrﬁ@ﬁuéesp’é'le{/%qfhiéﬁo‘”de‘j that

pol yam ne, a pol yet her , ?J

amno thiol, and a pol yﬁ?‘h%ﬁnpol y%%l,d ISQSP 8;/ E'Sgt}e olefin
one aronmatic am ne. 20eGgneyediar(i)b)) (a) The

Monoet hyl eni cal | y Unsat urat ed Monocar boxylic Acid or

10Ester Ther eof or Di car boxylic Acid, Anhydride or

Ester T
Ry T R e
monocar boxyl tomudd(nr(b)esttee prémareefof adreeGadica8initiator;

- dicarboxylic acid, anhydride or ester thereof is used
to prepare the copol yners of copolyner (O Preferably

15

20

25

30

monocar Byl P RSR GO 0g 0 e} el by g S

nonocar est here or
di car boxyl i ccampopnde(n@ahﬂ(x){e) or a een-feetrhdicabiatalyzed reaction

di carboxylic. acid, anh r ester thereof.
general formnl eoorepﬁ@ t 9?36'89" 1) 01 CORIVFTEL ( chfgﬁo’fh or by

anhydri de or (tﬁsdcﬁﬁaéth@'&ﬂfolyrﬁeﬁ@) 6r%bo|\9vﬁ1erQﬁ) & both with the

non—free radrcal catalyzed reaction product of compound (i)(a)

and compound (!)(b) or (r)(c) with -

(B) atleast one ether compound selected from the group consrstlng of an
ether polyamine, a poiyether polyamlne a polyether ammo alcohol a

polyether amino thiol, and a polyether polyol; and

(C) atleast one aromatic amine.

Accordingly, the present disclosure relates to multi-functional lubricating oil

additives which are useful as dispersants in an internal combustion engine.

DETAILED DESCRIPTION OF THE INVENTION

While the invention is susceptible to various modifications and alernative
forms, specific embodiments thereof and are herein described in detail. it

_9-



x I/ 5 wherein X and X are the same or different,
provi ded that ‘at | east one of X and X is a group
that is capable of reacting to esterify al cohol s,
formam des or amne salts with ammonia or ani nes,
f ogﬂ{uﬂgtb@lun%@lrétéodmhtobver(y%?(‘tkét"ﬁ\e%ts%ﬁ‘no‘?\r hetBf 8164583&1’ ic
reacting neta otherw'se function as
acyhmbidmgerilﬁ) mgﬁnmtendé"dm braititye :rwea’mzbf far th¥ parculaidrms
carb Ovir where Mr re nts o e e

o ORP PR dhe OB a MR SOBHS SHoter elipesifications.

o Mj@wafen@ and aﬁémaﬁ{?@s feﬁih\? WFH‘HE ehd8piritadd ch(ge 6RtheliRvention
y

-0-- so as to forman anh Preferably nd X

5ar88§3&$ﬁdb&ﬁhaﬁﬂnendadm$xvﬁtc functlons can enter

10

into acylation reactions. Ml eic anhydride is a
preferred reactant. Ot her suitable 15 reactants
i nplepdiicRd ectron-deficient ol efins such as nonophenyl
mal ei ¢ anhydri de; nononet hyl, dinethyl, nonochl oro,
nonobr ono, nonofl uoro, dichloro and difluoro maleic
an n e d
‘?MQ%I%%J&@@?Q?&EB (Pefh@ Ef?or%n'&é fﬁ‘]r%gféeéi %&Hgﬁl d
al kyl hydrogen nal eat es and funarates di al kyl
fumarat es_and mal eat es, 20furnaro I|c aci ds and
mall Ba e &UBdls: anakbreuiclBRifeT POSAMHC RS ar oni tri |l e.

Sui t abl e nmonomers for (a) are nonoethylenically

‘unsat urated di carboxylic acids or anhydrides of from

15

20

25

ab®@he tent PIBSAL &r o abhateniediondbepolgigobuienyt uecirioaphydride.
consisting of maleic acid, fumaric acid, itaconic

aci d, mesaconic acid, 25 nethylenenalonic aci d,

Ci THASHH ﬁ)oﬂﬁjIQSA”?éf@fé:t(ﬁé‘ Bieds 'o@'@opé!?@@ﬁﬁ“éﬁ]pioyed within the
anhydride, citraconic anhydri de and nethyl enemal oni c
anbgahd @féhapdeaanktweesonwmmg@ wndvrmfé A metggbutene and a

ggﬁ{]ﬁgm@yﬁy%ﬁ@bgg h%gr%eﬁ gﬁﬁ’fr‘ﬁ%nascé& %ter thereof, or

CBa@te maasarmeadtd, ranaagﬁd@e @e b@t@t ﬁ'férédif&ﬂhlbh drageapboxyl
consi st ng of acryllc acid, nethacrylic aci

di gEmacPipferablsasing SRpURE: 919 EO'A(@PBUW&QES{U&% dhggrgferred
I
ZCPXI&?@%&%% %%{)ﬁol@t@%{ Y) X{y%%%g#égleaﬁcfrgﬁgg(ggﬁtw (ﬁé‘havmg the

grg@@e@ffoﬂuutaabl e nononers is Cl- C40 al kyl esters of
nonoet hyl eneci al | y unsaturated C3-GLO nobno- or

di carboxylic acids such as ethyl acrylate, butyl
acryl ate, 2-ethyl crylate decyl acryl at\e, docedyl
acryl ate, |octadec (gcrylaie an@ the est rs of

i ndustrial al cohol qyt {4 to 28
carbon atons, eth I th cry te eth | héxyl

met hacryl ate, dec t\hacr Ia oct de
nmhamyIMe,nDnbMylrmJ&ue uty | eat e,

nonodecyl mal eat e} di dodecyl naleat
mal eate, and di octadecyl maleate. (B)TH® 1/ defin or

Pol yol efin 15 In the present invention at /|l east one

1-ol efin conprising about 2 to 40 carbon ‘at ons or at

| east one pol yol efin conprising about 4 to 360 carbon

atons and having a term nal copol ynerizable group in

th n n,
ar S st gredbh gt FEER o3t b AeRehydroge

pr emny;ragdqmmgmyf r(av)ngcampassmacfu«t &6 mmm amma (preferably at

about 40 carbon atons, ferabl eut
bbist oo akonban g DOBREA SibkidR eand i e dybfogen and one
oC; t ﬁ@@k | 6f RR&n@Me, are
A R R A GThE HERers. yct%frt%m@ib?,ut 16 o
about 20 carbon atons. 25Preferab|y 1-ol efins, which
are al so known as al pha olefins, wth nunber average
nol ecul ar weights in the range 100-4,500 or nore are
preferred, with

nogct adecyl



- nol ecul ar weights in the range of 200-2, 000 being
nore preferred. For exanple, alpha olefins obtained
fromthe thermal cracking of paraffin wax. Generally,
these ol efins range fromabout 5 to about 20 carbon

2§ ok 0P PSP SRR e
ApR9PIERE & bpslymAPdYese SRERNGbisdiett anddin by t he

c
dinerization of alpha ol efins over an appropriate
catal yst such as the well known Ziegler catalyst.

o5 R BB o ¥ R b B o e

5 catal yst such as silica. Preferably, 1-olefins from
C5-C30 are used because these ng;erials are
comercially readily available,éﬁnd because t hey
of fer a desirabl e bal ance ofHthal | ength of the
nol ecul ar tail, and the solUbiTiTy Of the terpol yner
in nonpolar 5 solvents. Mxtures of olefins may al so
be enpl oyed. Suitabl e polyorgfiiys Tér preparing
copolyrmer (i) are polyolefins c rising about 4 to
about 360 carbon atons. These p# yners have a nunber
aver age nol ecul ar weight (M-,) of fromabout 56 to
about 5000 g/ noi. Exanples of 10 these are oligoners
of whetsjh ¥ end &f arfelundersndently selasted Somithe geoumeenssiting of

branched. i soners of ntene, .hexene, oct.e £ s
e oo s o bRy b 9L EREn (eI RRGR<Gr B P gduccinic
10 ol HgRMRIdGbLIP. Phefm ioL-bler BRyMmioheany toiklude alkoxy of
vi nyl1 dene or al kyl vinyl i dene group, oligopropenes
antionl akpprideabeult xadr@salems.r om about 9 to about
200 carbon atons and in particular 15
ol i goi sobut enes, as obtai nable, for exanple,
acTRE ¢bing dé}; r&EofpiYndaizatdh” refdrs &S frenavarggénBmber of
Patent No. 4,152,499, are preferred. Mxtures of the
st ene@tipgisjorbral Wits inthopalyineasPain. f or exanpl e,
1Sm' xtures of ethylene and other al pha olefins. O her
sui tabl e pol yolefins are described in U 'S. Patent No.
6, DRO &30 "whiatymes rbferetna ipobengodatved flom thef treenedical
The nol ecul ar wej ghts 20 of the oligoners may be -
deP‘é‘PQr‘V"r‘i‘@&z?ﬁ'PrhOfc%r{%%ﬂﬁ BRAPMANner by gel perneation
chr omat ogr aphy. The copol yneri zabl e pol yol efi n that
Is reacted with the unsaturated nono- or di-
calfhesxgin &1-oediot exfersaios puinpuesatussap olefimiabhag)hgrdouble

anpunt o -05 2 no-ol efi €.,0..,..6th ,

20 plrrrgfﬁ'i}‘i5 érh&‘,ecﬁ'ﬁp?%g'ﬁe', h?ys%h?{fpg:i?ecao{%g aﬂ@ﬁ?’élﬁ%ﬂgﬁ@sgme the
pohyﬁﬁﬁﬁggﬁﬁjg%{honopolyners such as pol yi sobutyl ene
as well "as copolynmers of 2 or nore such ol efins such

as copol yners of: ethylene and propyl ene, butyl ene,
and i sobutylene, etc. Qher ﬁoqu \Jer s i ncl ude those
in which a mnor anount of %‘céﬁolyner nononer s,
e.g., fromabout 1 to 30 about 20 nole %is a C4-C8
nonconj ugated diolefin, e.g., a copol yner of

25 i swherg Feisdharestwhihriplefie neelegulgopol yner of et hyl ene,
propyl ene and 1, 4- hexadi ene, etc. The polyolefin
pol ynmer usually contains from about 4 to about 360
camheneahoms, dighibdivuel arfef aeht yo 8 disutRbitedpledn, also called a
atons; and nore preferablx from about 12 to about 175
cavbondatepieingthat has theSigWie FBYEEd ar wei ght
ol efins used to prepare the copol yners of the present
invention are generally m xtures of individua
nol ecul es of different 11
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nol ecul ar wei ghts, individual copolyner nol ecul es

resulting will generally contain a m xture of - high
nol ecul ar wei ght pol yal kyl groups of varying

nol ecul ar wei ght. Al so, m xtures of copol yner

nol ecul es: havi ng differqu 19“§ﬁ9 es of

pol yneri zation wll be pr H e e copol yners of
the present invention have an average degree of

polynerlzatlon of 1 or greater, preferabl m abou
1 WherRindroritd Be ara e saire 9 iffesealy WdfCPBﬁﬁytH ?‘le rfSBOft the

t iR OWbletBie. Frefefad n)zeeiMé'F‘Rs rq?ﬁ ig a%@ﬁﬂn)gﬁ p, ahB&he other is
present 1 nvention l'oys at’ | east one oo efin
cowwpound which is copolynerizable with the nononers

of (a) and (b) and is selected fromthe 20group
consisting of: (1) an alkyl vinyl ether and an ally'

ahfingl tefrh M&iicoMIflide i Gnabibo@ PR drBtdWEK.a% Yhanya6i the, amide,
di al kyl am no or al koxy substituted or is

uiirsiges eta. spedes avicltars alsaifpgned byt maction ©daseainic

Nearigrh b g, 1Bk G et PR IiRods sygmimioe

oaneitRiR e Kk %e@ﬁlgén@fra[fyr@éﬁe@béwas Adamirapdiet prdBuct of a
carbon atons where the al'kyl substituent contains

f reastigpaitamalkendpeiakyesubstiBdad sverigic asid pranhydride with an
| .
}‘rlnﬂé’ b%lﬁ%?@%??}lgtg ﬁ% lﬁnggé%% fi s@ﬁ)’sgé tlﬁgHé{eiéﬂﬁag?éfrences
cemrﬂrare wedl ladoaut in2ht @rd Certih mdanrtaktyped of saxtiniondes and
polyolefln conprising fromabout 4 to

c&iBlH b RRCHARATRE LY Kieiera of @6‘p<§P9ﬁ'€Fﬁ“8§b?ée faught in

grLPepngén"t R@sf 919807 0 3v6 18 b1 V3 Bk '2@?”@ 100 @ﬁd%l 219,666;

vinyl | dene group of m'xturés thereof, provided 't

t rsem 892;rarenP L9 Fd 6] thendiscloseresasfeviieh amheieéwuncorpc)fated
ed in (i)(b); (1) 10 Suitable nononers include

tll? "P{ﬂ "R -ng: vinyl and allyl alkyl ethers where the

al kyl radical is of about 1 to about 40 carbon atons

are also suitable, and the alkyl radical may carry.

f Jrnerterméu@gsmmmm:@e referh taéhmmf@saylpm@mtwéa succinic

am no.or es are nethyl vinyl
e ORI BB PR VR S BB FTRE T vyl et her
i sobutyl vinyl ether, 2- eththexyI vi nyl ether,
decyIV|nyI et her dodecyl n et her, octadecy
viTingl teenhakkengl- qrcﬁllgﬂmq%mamgg/ @ewtwe, ersgpﬁaeqstructure having

utyl am no)ethyl vinyl ether, and the
cé‘f‘?toé%ﬁ |ng allyl ethers. (2)

wherein R is selected from hydrogen, methyt and polyisobutyl having at least

about 30 carbon atoms (preferably at least about 50 carbon atoms); wherein L

and M are independently selected from the group consisting of --OH, --Cl,
-12 -
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20 Anot her group of nononers conprises 01-C40 al kyl
am nes and Craw -N- al kyl am des of nonoet hy| enically
unsaturated C3 -Cm-nono-. or dicarboxylic acids,
such as di net hyl am noet hyl acryl ate,

di et hyl am noet hyl acryl at e, di butyl am noet hyl

nmet hacr yl I am ac

2Bx: Bory 2t o1 G5y a8 aff otk 1o ’Jemag&ﬁ'ta%ny' or alkylsuccinic
thwd leebg)(b bam yl am de, N dodecyl nmet hacryl am de and

N-oct adecyl net hacryl am de, (3) 30 Another group of
nmononers includes the follow ng: N-vinylcarboxam des

EE% o bo%lg)ﬂwgghcﬁr/} ﬁyF %&%@gg@ﬁg isorde Pek?&létto%@‘?mé‘cular

We}gmyjlef Ns iy 0k yrané dempiinentyhaged 8 @iowing vinylindene
N-vi nyl -N-  net hyl acet ram de,

slryGtHig - N- et hyl acet ami de,
N-vi nyl - N- net hyl propi onani de and N-vi nyl propi onami de.
(4) 5 Another group of nononers includes the
foll owi ng: N-vinyl conpouftfs of nitrogen-containi ng
heterocyl es, such as N-vi hylini dazol e,
N-vi nyl net hyl i m dazol e, vi nyl pyrrolidone and
N-vi nyl caprol actam 10(5) /Switabl e 1-ol efins conprise
about 2 to 40 carbon atdgns, preferably from about 8
to about 30 carbon atefgs, such decene, dodecene,
oct adecene and m xtures of C20-C24-1-ol efins and
C24 C28 -1-olefins. Preferably 1-ol efins, 15 which

L&)
R A RS AR B ERey M PAEFo B e e
ARQISNPRRIUR: fIebiefy e dubiddiihgnmisenid aglsweighRs generany has
the range of from about 112 to about 4 gh %
pt it pleant ForarbRARKIES. RIGHHADY ¥rleaY hbheara foms
B 1115 TR FEATK i BhoBE] & bbulsa /bR gmerP) oved

e olefirns range fromabout 5 to
about 20 carbon atons in | ength. Another source of

pha ol efins i he et hy) ene roc
Groaamaveiun bbb EaIBoM b Er 6 AAhs < Ut Bdgp dissotve
% &fidic ﬁd@ro%ﬁy@%daﬁbh@@u@rﬁ a@'itﬂi‘rﬁ:aﬂhgfohl@fiaf Oyeds in
an appropriate catalyst such as the well known
Zseght@llycdittabgationsnt ernal ol efins are easily
obtai ned by the isonerization of al pha olefins over a
sui tabl e catal yst such as 25 silica. Preferably,

il frhnaighAe6l8r Gefyadteitae delops RuSIEfiRS (aseiuding
mat eri al s are comrerci al I(% readi ly avail ab
Sy

ipebauezadelyfing hating ades| bHBSHAT2RES Ob PRGN 81&5?%1‘3"
Pl R Rl B lenoXflli A it ath iy thfEcaction

g@a@ﬁ@ Wﬁh&é[@@i@ns&ﬁh\mﬁ@ phobat BoradfonSapohymeeuffice.

pol ymer reactant (i) may be prepared from well
known met hods which are described in the art

'1%%' %éqlﬂgﬂrghﬁﬂbzeepose g@ﬁt%awkynt hase @Ry Wib G of

he foll ow ng patents, whi ch
aaméfnd\@’itenmiecmﬂeowpcgmsedh blyatrtééemedwxés pr%n-arrfaé daving such
pél@‘f‘&&l@%tsmoiggttjlgp \t.fvelz\l%t are so&jb i fu 185’{5}1% ot y% cally lt’,*nesse. 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.

~13 -
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No. 6,284,716, and Gunther et al., U S. Patent No.
6,512, 055.- 51 n one enbodi ment of the present

i nvention the copol yner reactant is a pol yal kenyl
succi ni ¢ anhydride terpolynmer. These terpolyrners are
conposed of at |east one of nononers (a) to (c) as

d I bed herein. Tyqi ly, th | f, thi
Thoanim gimaniars 1 NSate! hEren HroROe 2l egpSpdenty
anggEBQﬁzpﬁﬂygggﬁgﬁg&ggprising of a monocar boxylic
acrd-o ,

r ester thereof, or a dicarboxlylic acid or
anhydri de or ester thereof; a branched olefin; and a

ooty BBy e G sk Rca F RRARARLT R Ay (Gigues

alternating terpolyners or block terpolynmers and can
be prepared bﬁ%ynomn procedures for na

i 15
dbedeymloser B! refrie 49 BAYLBTQUPSdaYing: 5'%@?%}0% Hdpakput 6
& oo o _ .
St 2R PRSI Ee e and 3Bt RNISAOuPS
HTfoo%I Riveyr afgll eraupanhyiddiedier ekbenpiegneidybethyl, n-propyl,
po

ol ymeri zation of the terpolyners .can vary pver .
ORISR E AP, DBy FaPe Bl R afd the fike.
nol ecul ar wei ght can be produced at | ow tenperatures,

and terpoiyners of |ow nol ecular weight can be =
pitedieoradpalyatiiyti nefeespreanilivé sroumibat isrgrilejalbr dorieddrm

is conducted in the presence pof itahl e F ST
R P O B VTS i i Reielfe Partioutarly
PRINTRI hig@id, Qlich Bl lHRHIORS, oPYRABOKITT RN ANO tind ke

such as terybutyl perpivalate, terybutyl
(Refeoblyctheonneo-olefinemaioyrgeyib (Y e hexhabayle to aboul 24

tcﬁearr%%gg%e rﬂb@?r%%{%ér%&%‘lag&g{?ﬁ{ %bgﬁ‘tt ¥ {cﬂ é’@(ﬁﬁxlizd@arboré atoms.

- ‘ _er oxXy car onat_e an
dingpchreaied doparaisisinchidearopglenpobuigenes paiticasrly

2,2" “azobi si sobut trile. The intiat b
e SRR O LS o D LB BB P

CQichthbhabRihsTRIuAL 2N VIESE HolyRek @ exhbyialty he

irator 1s a perox e initiator, e.qg.,
dbdlyisbititghg. per oxi de, di cunyl peroxide or azo type
initiator, e.g., isobutylnitrile type initiators.
Procedures for- preparing poly 1-ol efin copolyners
icRMAT Raditide urhpesttiom U. S. Pat. Nos.
ggg%%§§@§§§ﬁ29i5240,916, ﬁgﬁeby i ncor porated by
reference in their entirety. Those procedures coul d

be used t r e t. I (5. i AP LS Bing oil
FR e e S oA A S R s S
VWhgdifld campesiand pedmirea byshe ppboyssdviioh thenprieas reaning
can be prepared in the sane manner as copol ynmer (ii)
whi ch is described bel ow. Copolyner (ii) 10 In

apat her o] ) knvention, the
cggolyﬁggggéggggﬁ'e?@kgmﬁgg%ﬁéﬁgﬁygbtained by
reacting (a) at |east one nonoethylenically

unsat urated C3-C28 nonocarboxylic acid or ester_.-
t her eofl) ora &ORAYESS O i@ﬁ?‘gg%xyﬁeiecrag&qag CORARTIGF fon,ef

- ester there t one copol yneri zabl e
mgg >t oflpris@Ry

pol ynmer conpos at least” 3 ol efin nol ecul es of
propene 15 or of a branched 1-olefin of from about 4

t bout 10 b t havi -
ol ccul ar  wiight SRRBBTOTS BN CER U g el El G5

and having a ter gighatagRRoliy aEiti cralshe e drrC46e;
formof a vinyl, vinylidene or alkyl vinylidene group
in the presence dicamoxybeapisdpalydidn of gt thespiThus,
preferred copolyners of the prgsent invention are
prepared by reacting a "reactive" high nolecul ar

wei ght olefin in which a high proportion of

. unsaturation, at |east about 20%is in the

al kyl vi nyl i dene configuration, e.g., CH2
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25 wherein R8 and Rg are an al kyl or substituted

al kyl of sufficient chain length to give the

resulting nolecule stability in lubricating‘ils and
fuels, thus R8 generally has at |east about 30 carbon
atons, preferably at |east about 50 carbon atons and

Rg is a lower al kyl of fromabout 1 to about 6 carbon
atons, with an unsaturated acidic reactant in the
presence of .a free radical initiator. The dygct

Copol yrer Wl o7t ErrdTe g ol s RoReine RuFS fEAS fpwpon
groups and has %n@/&rﬁgéa&&m&so!%leﬁﬁIcm?’riez@taMtafto

1 or greater. The preferred copol ynmers (10 of the )
present i nvent i 0 hatentatemgedret Baving prigimainal agpolymerizable
wherein W and Z' ar.e.i e I . L
group consi sti n%robjg ’ﬁtgﬂﬁﬂb&dgp@ er?}gl[g%@gg ‘g{kgﬁgwﬁj@ne
toget her are - Ogroubrfrgiktoras shie@of)iamdanhydri de group,
nis one or greater; and R, R2, R3 and R4 are

sel ected from hydrogen, |ower. al kyl of from about 1

to about 6,garb : d hi _ LAk wei ght
pol yal kyl \(/aﬁer e?ﬂeg%ﬁ%”@%gnég‘%zdﬁgée y‘gﬁigégsn and

one of R3 and Rdopdlymherieablaivki thendondreect dfgr) asd fbghnd is
nol ecul ar wei ght pol yal kyl , or R3 and R4 are hydrogen
and one of RL aﬁ%fgﬁ?dﬁg)%éb\%ﬁ’%‘l"ﬁ(%’”%ﬂ@gﬁﬁe other is

hi gh nol ecul ar wei ght pol yal kyi. 20 Copol yner 00 may

be alternating, block, or random In a preferred

enbodi nent, wheti)nal ai alkyhiipgt ¢her psd asedlybakylpdher where

reactant, the reactign duces .c I . . :
predomi nately of theﬁ\‘eoﬂ;@vﬁrﬁﬁpf%ﬁ\fpﬁ%wg%ﬁoeF ée?”ﬁyl%mmo of
is fromabout Ito abgubxyl8QbstitRidcesablyishibiutaboand 2

to about 20, nore preferably fromabout 2 to about

10, and R1, R2, R3 afsentrining d tedOsarben AIR§ hydr ogen,

| ower al kyl of fromabout 1 to about 6 carbon atons

and hi gher nol ecul ar wei ght pol yal kyl, wherein either

‘Rl and R2 are hyzir ogan athydl aoriee ahd R fdvatkyRinide dfaner

al kyl and the other is high, molecul ar weight .
pol yal kyl or R3 and ﬁwné?ﬁgm%%r%_ eW%WaS%EmQPORTr and
R2 is |ower alkyl angi-hhg,Qiibekid §f Hidio ERIREUHIBMs where
wei ght pol yal kyl. 10
the alkyl substituent contains 1 to 40 carbon
atoms; ' )

{3y an N-vinylcarboxamide of carboxylic acids of 1to

8 carbon atoms;

(4)  an N-vinyl substituted nitrogen-containing

heterocyciic compound,; and

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

_15 -
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Preferably, the high nol-ecul ar wei ght polyal kyl group
has at | east-about 30 carbon atons (preferably at

| east about 50 carbon atons). Preferred high

nmol ecul ar wei ght pol yal kyl groups incl ude

pol yi sobutyl groups. Preferred polyisobutyl groups

i ncl ude those havi ng _nunher er age nol ecul ar., wej S

15 of from about 500°f 8" Hﬁﬁ$t§ :PW%F%dgb%{@Féﬂ?@R
from about 900 to abeHip s riot §iessnd dsanerolefirkeinployed
groups include nethyl and ethyl; especially preferred

| ower al kyl groups iHc{dile methyl. A particularly
preferred class of olefin polymers conprises the

pol ybut enes, 20 which are prepared by pol ymeri zation

of i sqiut eresopbheser gisthinkutisnesctngcomaduhy (iaxiahdbl e
commercial materials well known to those skiILeg {n_

the art. DICSBIRGSHIHEYD} Wehedresrge Yé Fermrpicegniiaton
exanple, in U S. Patent Nos. 4,152,499 and 4, 605, 808,

whi ch are herein incorporated by reference for their

di scl giipr ea afpobuidadibtained b eerdting2®rRyafnet @) with
1,1-di substituted olefins.are used to prpvide. a hi -
mol ecul ar \eMfIUNAd) b)é%ﬁ{}@ﬁsé“ P AOIGF Faﬁjgcql &?Fgﬁ%g'%aomn
Preferably; ' hdAhed (ipbetopbiliasr gi) BYBBET; or by
aver age Nhlﬁpﬁ%éﬁﬁsg%%ﬁ?§%%%%?g ggout %%%8.'g%e . Y
par ti cul ar I{y) eorg8eting eopeflyrnen (ioa¢anshenet (i ed bethewith the

is al,1-disubstitute l.Vis t vl oy vl {3

met hyl vi nyINo8eHeE Eé%t"iﬁqsc%gﬁiﬁﬁdg%é‘%@?g pol a*’?ﬁ‘:{"'ﬁ@@“”d )
copol yner i zgl @rRedOHER) (S Deewith hi gh nol ecul ar

wei ght 5pol yal kyl group which is derived froma high

nol ecul ar wei ght ol efin. The high nol ecul ar wei ght

ol £f i ' '_ ffy . s¥stfg of an
O e T Sk B R L R T Ry P IR st

| engt hetier pdtpamiree arpesysthengolgampes iat hayethisr awinbhlgohol, a

in and conpatible with m.neral ,0ils, fuels and the
i ke: mﬁwt-ﬁ-@a@rwhm& 1 Aenyetg it aide gh

- nol ecul ar weight olefin conprises 10at | east about

20

25

30

20% of the total olefin conposition. Such high

nii})e c uhtdeasteingharouladfiansinar e general |y mi xtures of

nol ecul es having different nol ecul ar wei ghts and can

have at | east one branch per 6 carbon atons al ong the
chghfymis @f erably at |east one branch per 4 carbon 15
atoms along the chain, and particularly preferred

that there be about one branch per 2 carbon atons

al ong the, chai.n, . 1 FHR A S QAP Ester
cl?ﬁvenf%%[\lfoy Oggj%eﬁﬁgaesp@'ﬁ%:&%g%%s 'progggjrogt legymt he

pol ymerh&abf enDiebriahefic peidyfArhydniakotists Theradout 6
carbon atonms, and preferably fromolefins of from

about 3 to about 4 carbon atons, and nore preferably

fo 20 | HRR@ethiSically unsaturated Cs-C
aﬁ@ﬁ?ﬁ%ﬁg%gﬁﬁﬁgﬁﬁga !g§g$%§%ns eﬁg]oyed gre_‘nor_nally3 ?8'
1rmodbefibogylicTied br anteh thegober & .- rsaticabowyliclagié, anhydride or

SEOUL i DS SRR, HRUAL ST LASABRY). o

P{RS &rié?%icﬁlle‘%ld)ﬁéémﬂ(lieﬂ%ﬂy LUPeERIFaaNDLCsaBoRoEmblYYlic acid or

or ethy nyl 1 dene

ester thereof, or C,-Cog dicarboxylic acid, anhydride or ester thereofis a

dicarboxylic acid, anhydride or ester thereof.

-6 -
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25i sonmer, nore preferably the nethylvinylidene

I soner . The especially preferred high nol ecui ar

wei ght ol efihs used to prepare the copol yners of the
present invention are polyi sobutenes which conprise
at | east about 20% of the nore reactive

net hyl vi nyl i dene_i soner, ferably at. 30 |e t_abo t
[ @%g@ﬁarar%w% ef %‘Pﬂefﬁféég Figaloutf gid 7Y SR AT
BQ%%?ﬁQ%@?&E%% i nclude those prepared using BF3 .
catalysis. The preparation of such polyisobutenes in
whi ch the net hyl vinylidene i soner conprises a high
percentage of the total conposition is described in
U.S. Patent Nosg 4,152,499 and 4, 605, 808. gPrepar ati on
of -Copol yner (||Y\§ As not ed above congyner (ii) of
the present inventign is prepared by rgacting an

ol efin and an unsat urcat-ed caci=dicel react ant in the

presence of a free radical initiator.‘TQg process of
the preparation of copolynmer (ii) is deseribed in

~Harrison, U S. Ratent No. 5,112,507, whiclK is herein

i ncorporated by 10reference in its entirety. The
reaction nay be conducted at a tenperature of about

-30C tq a ref er rom t

A5 36008 Xri7ee Uk PROCT DRRYRe RO Po 13! & 0 083 X
RIRaper ii0 dé}%h ttt?atﬁ?%@éé@lb‘ﬂf%aeﬁfr@‘ib@s@ify aldopbid, fernd Smides
preferre 8 ecul ar wei ght copoIYners it is
anhaaribagalinsith amemphioyorl asases rfeaptmelal salipwirerdye metals
For. exa

bR b B S R BARSHE SppreEabn

LgniagyplhR}, Dednd/de e ver-Ot f--OligdreaabylpOiashere M+
conducted at” a tenperature of about 40C, an a¥era @Fi C
-

degresenisfonpotqueieakef Hmei. aBsANIYD % afpiee §pig
2 T%ﬁ a L SAGH g,ﬁhgpy( bey fc1(ole,.{q)teedoneéa\l)t as IRkmi sh aRR§dtide.

ol e ar “wei efin, acidic reactant and
tmefe‘ra@9 X @l Xahra gidt meo&:omrcarbwrpﬂmriembnqmtq@e prepeio

rati o, and then s irre t . the re ctl
e iatpermattions] Yakine pudids B REETeS Bty GRh itable

‘ﬁ%g&gﬂkvn595e%%Qﬂﬂﬁﬁﬁeﬁdﬁ%ﬂ&%ﬁﬁkﬁﬁkﬁzﬁﬁﬁoh@p@@ﬁbhﬂﬁdm

n a solvent. Suitable solvents include those in
wdrirydridremoraroetoyl, sliswethy, rrseneeiiei@a ManeIerap o ogpaucro,

SR L B8 9 S DA SP g v

t&LHéﬁﬁ@ed HiaRN@aRfds, @Hn@éiemeégrfamamlmmaierc adn@, alkyl
After the reaction is conplete 30 vol

coytogrentrslandss bed Sunppies dalkyl fumenalgs aﬂPdEﬁ }%S

b ri
oTRTEE: oo ThA-PTdkal R g eck s pene
sufficient to ensure efficient n1xing In the

t f | Pl BSA, i . .
Bkt s g (4 BEATSORUP S e B rerey e
t hc,e dg 8?8 ﬁﬂldes of Iﬁ%n? 388151‘% ﬁ@ %a%‘?x%t%ﬁ‘%@el@été@ ﬂ’rrt]}ﬁﬁfhe

ree ra initiator. 5
ﬁnohpaioaestiag ef meiielc lanmi/vrﬁAmand: heidadacqmmo@r mqsﬁgomc acid,

ﬁgﬁ%@gg;vééggé%%gkig%;%ﬂé%% L&%i%?gnﬁﬁﬂgﬂaﬁéﬁ&QE%nﬂ¥dnde
fEl co@dbapldidd Lh@hdiRyiahembimidanioydrde-dnmdeixiures of these

nerlzat on initiators and the azo-type
pwim weeianathesnainontivetion sial@adinayidde sdreftsyst be
10used to initiate the reaction, if desired. The
per oxi de-type free-radical initiator can be organic
or- i norganic, the organic having the general fornmula:
R12 00V13 where R12 is any organic radical and R 13
is selected fromthe group cohsisting of hydrogen and
any l1l5organic radical. Both R12 and R 13 can be
organi c radicals, preferably hydrocarbon, aryl, and
acyl radicals, carrying, if desired, substituents
such as
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hal ogens, etc. Preferred peroxides include
di-tert-butyl peroxide, dicunyl peroxide, and
di-tert-anyl -peroxi de. 20Exanples of other- suitabl e
per oxi des, which in no way are limting, include
benzoyl peroxide; |auroyl perOX|de other tertiary

but yl d 4-di chl
Clibdn DI mphomg s SiscreRPaby RetAher R RE s e.
g%&tb%‘é?ﬂox?ﬁé 9xhi€8elcRfRt men}igrg‘i’&ﬁf 8%idifing of acrylic acid,

oxycarbonate; tertiary butyl perbenzoate;
&mihad:rghd atid, dlﬁ&tﬁmm@cidy@f@yi@ﬁwb@ @nids Ci’thpﬁo@ﬁ afjylacetic |

AR SihuRnars A ARaRE SRR H Rl ol @y Roacid gre
BETcREAPANGHET §RIUPRS s@ﬁébl@&doﬂ@mbims & hygiaky] ps%e of

in the nol ecul e group wherein the bal ances ar
sariasthydenasjalyrunsaivatesti e &is Moge- PEAGRTEORUIRCIRERN a5
r.ef t erviat
P aBh B SRR gy SR SR oc Bt
ucsbtacmedw acmkRe aad edk aztans bfnnﬁhamiabb!oohmlarnlxtures of from about

oA S gsearinohenaene, bl nEbEACnSH BN e oy

. 'WB@% e Houidmdeate,
‘ghggjgfa nt&#\%&gcf@%}ﬁ%&gta?ssued @ﬁ’é]:a 1951 F’g Paul
Phaviauyyl b ateyolidhdanly! inailddtat mﬂn@@t@d@ﬂybwai%a@ #d ve
of radiati on of course, depends 5to a | arge extent
SHoRRLeYARAPar initiator chosen, the high
nol ecul ar ol efin used and the reaction conditions.
The initiator nmust, of course, be soluble in the
r(epct iToe tedefimor Folgolednal concentrations of
initiator are between 0.001:1 and 02:1 nol es of
initiator per nole of acidic reactant, with preferred

AR hRedent Weentiéh B0Radt amsl 1Midfd dcm;ltﬁ)slﬁ'@ebout 2 to 40 carbon

pol ynmeri zation tenperature nust be su ntI
Poteentiol feen oo GOMRAGITHFGPPESNG ABRIL <t He¥ Habbpaihs and

Hggf?ng;gt | gr?kgl cotp% evn?é?%'i@grdﬂ@' tﬂ%@%ﬁ%}%ﬁ'\nrﬁﬁir\ﬁéﬂyi@@n@&)r |

reacti o nperature can be
hatyeatyiaboerapGsamblapedit 90C, preferably between
about 80C and about 85C hi gher and 15 | ower
tenperatures can be enpl oyed, a suitable broad range

o%‘&?%@ gttt Pﬁéﬂé@m@eﬂdﬁ% Rin@iguonfiSedrun about 2 to about

prefe red t énperatures between about 50 h
at0l ca:m@utatam@(preferablyﬁnemraé@@t P om appesdlirben @G@'H%%”C as

sufficient to mai in the.s i -
phREde. P@%We?c@%c?ﬂ%raggéﬁ%ﬁ@% 9* g%t%eh a or%té’r%cm
aE:ND$ RGHks Crrinsl pAdEraps) Bowrabuughero abutt Iffhear}bloef%@m@d
pressure is atnospheric_ The react :@Fn t| sual Eé(r

sHfdfersibini -olafinsewhich 38 al$e kR Pa hay 919 e'f%m
R e sl P90 g,

SHidlahia asigmeen tmmra;womnm@ 008 bewig mops elfeéf?rr@(ﬁ For
reaction tines between and 10

apwarapie; ﬁ@r@@?a‘g@t ol?t@g@ldl fgmithe y%@ai?ra mgfg garafﬁn Wax.
p?;le}/qn%”y Q)Iéfﬁ"%%hﬁ@ frolf) %bgbt%‘td%(ﬁﬁ phatarvei glims in

I'c reactant, solvent and 30initiator can
be:rigtio LFg’rﬁthéroegselrdxe of alphartyefm it At ethylenRarowtfherocess which

tant fact t act
B 86 AN TR Ceghat Pl anaaand & PEacPstiS i pplbe
prdﬁsf?xr?a&?;oﬂfof %tﬂﬁae&eﬁﬁ@ b¢&! aPhesHepting CREIGEt @Jch dEhee well

reaction, for exanple, can be conducted 1n a batch

skabemAibgercathlyshilfiermo|cdeinsarewsshhebigined by the
_18 -



added all initially to a m xture of acidic reactant,
initiator and solvent or the high nol ecul ar.-wei ght

ol efin can be added intermttently or continlously to
the reactor. Alternatively, the reactants may be
conbined in other orders; for exanple, acidic
reactant and initiator may be_ added to hi nmol ecul ar
virgetzaisnedfiatphianolefias pueice sHitalla caiabish éﬂg*haﬁ §diE2- t he

ﬁ%{%‘?%@g{ﬁ olegr dsorh ??Cé' e'ﬂsé Lﬂ)reEa& tHe e #GBHals are

5 ' seisry reac or WI cont i nuous
rcepmatcidly raa@nyr avaniabie, ahbidepaosk teytaifea ardasinableybalance of

ot oh e ol o e s b ot b VRS Fonpotar
%83}%% %IXYM?E% Bt Dicti ﬁnﬁﬁyﬁ&s%le%;g yeqei ght ol efin is

Initially to the I0 reactor, and then the
acidic reactant and the initiator are added gradually

inme. T I b
Shapla prvoes Ftear i cre T e AL ORI EALT et ighe

: %o@:ﬂa 18abdB 86 ehon AbARITHES: Qﬁlyherﬁiﬁﬁé ynﬁm&dﬂua);erage

10

15

I'n one enbodi nent, copol grrer reactant (Hi)_is

abolacn!@d wejohd (Wepol fywraw Prieabpyt 300 fafé'ézéttpwgﬂples of
d
7 FacofisitreRB Bkt FhARInd Rt nd o

HrafOmed WoBRferé lo) p@fitefephbyaTRY, o@tein)e o] dfatewenerthby (b)
contacting co%? ymsr (1) or c

op@lmimﬁ wng! ey pt %‘ﬁt g&c}_%regﬁntdp 6%£qrm ofa
é@ Mé‘#\e(?r(%}g\?ﬁgi ? &!i gﬁ)p&{es(drﬁd((ﬂbgopropene

ar a 1 on process
pﬁ&paeatcf Mnoﬁbmmatwaimut(zaﬂu garb@'u dosty and i pargeular
exanp in Harri

G B OGRS AR DT R ofoh Bl AP ATy P 22 92604

'&ﬁés@oﬁgfd g1y PoténtNO L3852 a@gpar(eqireﬁibmef\ﬂsﬂnses of the
unr eacte g lefin, generally the nore hi ndered

aﬂaleeif mi@@mers @re atsioes\iigble, \f@rr@»far@mﬁeml@tﬁsﬁ of §thybine and

S SR LA pas !t o

' %U@@%Mﬁ:@ﬁwhé@lrﬁmc@rmﬁam @nieyefendte Tre motesular weights

20

25

30

t hereof, under free radical conditions, are re

vwft’themm@maﬁ@r@w%ﬂ@@”@ﬁ?&iﬂﬂrﬁa‘fwe paoiE gnanner Vgeﬁi
nonoc & ester thereof, or C4-C28
dﬁ)%rg?eg‘}gg)yl [ Crb@g?ogj o? an anhydride or ester thereof,

under thermal conditions, i.e., at tenperatures of

from about 180C to ahout 280C. T d|t| n -
sihe capolymarkable Rﬁ\éfg Fof agﬁ%&ﬁﬁ a&%%éééi@m or
Pl Bgérbo(}%# Akl ark rﬂ}'o'?yrﬁ@i‘%cddn%lsﬁrﬁ}j(@&wd}bra@rﬁoum & ah€;

presence’of a strong acid, such as sulfonic acid. See
f monex@nfmh e, Sih%neerp:ropwen@ réBeBs0solyyiEan éqnplg)enéene

sQ] vent be Us! to dissaly

- ShEte BANEHI At Tl BeoRE R PRSP e gl oo
aEb;%lgm%%‘éf 20t nrd sUBR JMER sLRhnBl @polyaneraeif: gshhy ene and
ol et IS necessary to dissolve the acidi

r pEydEte, @m;itykmeg rengo ekl enewsicg Rthey| (‘é)pplyngqgs gﬁs‘clrfq)e those in

theminto i N t I

ootyiter 1oaet arophlen B ErppREThplnbgteRe thrhaPout 1 ©o
sah¥ento usé Yalss® Ches Omendomjugaiteddivleding e@u,l nawopolymer of
copol ymers are sol uble. 15Sujt abl ol vents i cI ude 4
| isqpbivtylene apdbERdRNAPHAROPEYRFO (g@g}v HE #7bm*
B -%d% % o @bout 20 carbon atoms; ketones haV| ng from

0 about 5 carbon atons; and |liquid saturated
al i phati c di hal ogenat ed hydrocarbons having from
about 1 to about 5 carbon at og§ per nol ecul e,
preferably fromabout 1 to about 3 carbon atons per
nol ecule. By "liquid" is neant liquid
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20under the conditions of polynerization. In the

di hal ogenat.ed hydrocarbons, the hal ogens are.
preferably on adjacent carbon atons. By "hal ogen" is
nmeant F, C and Br. The anount of solvent nust be
such that it can dissolve the acidic reactant and

hi gh nol ecul ar weight olefin in addition to t
1 B8 WONOIRfIncRYPINPREPYAIYIERNIGIHE (A RBPYIS 5 a%ﬂ&%ﬁ’t cargon

. L l@bl darbSn 38wt o REkAREBDIY from
%ﬁ%ﬁ%%@%ﬁggg?@ﬁgﬁﬁgﬁgﬁg erabfy bet ween 1.5:?ﬁgnd 4:1.
Shontatdl ® sedutdmbscarpeh attens.he ket ones having from
about 3 to about 6 carbon atons and the saturated
di chl ori nated hydrocarbons having fromabout 1 to

ahRultha higPHR IR B4 ekaiBhY ofefingadew pilepage #lotdpddymers of the
carbon atons. 30 Exanpl es of suitable solvents :

presient inveblion are gaoerally mixieges of indistughewleaiipsobdifferent

t ; L et.hvl k el t s _
CSA DB ML IR RS 00 aon oy
asntal LA 28RRITe XY h?ﬁﬁhomdlatr oleightaiohmIi3 gsaips aftvadying
di hal ogenat ed hydrocarbons, such as: di

Lec ca di hIRrQnEEH?ne;
maeeienwelshhAlsa- PBrdies 2 SRPEYEEE Raplgcules having ditferent
.1-di b t hane: 1, - i _ t hane;
%?%ﬁgﬁéﬁﬁgﬁgé hang?ﬁ%@3g3§ﬁpg%%gropane;

1, 2- di bronopropane; 1, 2-clibrono-2-nethyl propane;
101,2-dich|oroproEane; 1, 1-di chl or opr opane; o of
1hg cgpehimei s st dpaReeseit BvgReeR gl 8h Srhndceree ©
%oéh%?%%EBHQ#qQﬁgﬁgaéwﬁm@ﬁﬁégﬁQRﬁﬁb@ﬂ@ﬁ1aﬁﬂabout20,and

I"'or opent or mxtures of the above, such
asorelyeaicendy Mot pbethiblewbeet 185 The copol yner is
conveniently separated from sol vent and any unreacted
aci dic reactant by conventional procedures such as

QapseT%@nabggbﬁﬁw,@@hﬁ@uhddistiIIation, precipitation
and the like. If desired, dispersing agents and/or
co-sol vents .may be used during the reaction. 20 The .
ddieypreobuitiswshiicauertbleye 24 igaEd OngengrmaBg) CORPPIH Yi%i}:h s

Sogreieb e BRIl R dhpld helicd fam e

Qﬁ@&§§§§§5%ﬂ§bﬁding t he nmet hod di scl osed within. For
exanple, there is a well-known thermal process (see,
e.g., US Patent No. 3,361,673). 25an equally

| - kno f _I" t.1, Hod aroup is
B ent ARy N GG R RAER LT w8 the M aroup |
and chyardaatdrmimopintesaeno@edkoxy. ybstiuts] oPstwsubstituted,
No. 3,912,764), catalytic stron i d processes (see,
e.g., ﬂﬂdS?Ofﬁ%WEP&f‘%é/b%“}élt@,a%égt %@88 FTB%?%O) , and
free radical processes (see, e.g., U S. Patent Nos.

5,286, 799 and 5, 319, 030). Such 30 conpositions
i(ap! uder aikg-droinerenden delkylamide ot & sngrnsdhylenigally ynsaturated

Patent Nos. 3,219,666 an 381, 02 I i
sucel HMeneAe e %%Wbct %‘f'g gg&&g} %b%‘izﬁ & 83800% 1b &bl 8bms
al kenylrderihyetk,s dosstthesnichiadd ietredbautt htoatbdugddtcarbon

atoms;

(3) an N-vinylcarboxamide of carboxylic acids of from about 1 1o about 8

carbon atoms;

~920 -
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- are 2

succi ni c groups per al kenyl -derived substituent (see,
e.g., U S. Patent Na 4, 234, 435). Polyal kyl ene

succi ni ¢ anhydrides al so can be produced thermally

al so from 5hi gh net hyl vi nyl i dene pol ybut ene as

disclosed in U S. Patent No. 4, 152,499. This process

is further discussed in U S Patent No. 5,241,003 for
the carsb-vingreeibstiaited sioges-GaataiBingdateeey elicarPrpgund; and
and in EP 0 355 895 for the case where the succinic
ratio is greater than 1.3. European Applications EP O
@92 8@3casthrizP!-BIEBcBBiisianabbul? tdP4b eatbddoatomns or at least
5,523,417 disclose a 10 procedure for hj.ng ,out the

ol y iblIePely ek doraRT s TR 7 iﬁ&ﬁ%?@hﬁ%ﬁ?ﬂ@ and
anhydgl.de. gr PnB | iRgltbee e a vinyl,

pol ygﬁét\gﬁge. t%@@?g%‘%@%??%g??mwaﬁﬁygn de w t?!h a
succi vinglideaei @ adkyl virylidendigseuppeenixtiass thereghtrigeidsd that

ot by aigh R SRl B8 ARpE R R smplved i 00)

prepared essentially free of chlorine. U S Patent 15

- No. 4,234,435 teaches a preferred pol yal kene-deri ved

Eldbstituent group with a number average (Me) in the

range of from about 1500 to about 3200. For

pol ybut enes, an especially preferred nunber average

EMeAbie aR@Rorhsrsf ik Bloia v follbndfg:twina bodtalighaiRyl ethers where the

patent al so teaches that-the succinin des nust.aﬁve &

slsriadicel isafi abost 1otp abosd A0 £agonigms aTe FIHE PUItRRG T the
: _ A AaTeall , kViab&ivo,

agyg%tdkc%?mggﬁcﬁ[f@rﬁxlé?%hﬁéﬁagﬁ@ BFCHPSE hosrekyiak

yal’kene-deri ve subst_ltuen group. Most

pratdyandht wr atkosy sicamnples aratrethghooylether. ttomvinybether,
2.5. . Oher suitable alkenyl cinic an ri P
pirgviviey! THHES dQREE B P £ VIRgH yimRgher déhvinyl

: 0@0‘%33&%1 WDi SBEr aldksimdyl visetkthar, theliqhgipamiid)othy! vinyi
B 5 et yﬁege _anf:l 1- but g’ne 2opol ynmers. (B) The
Ettteer 2-Glinpbutiimino)ethybrieylatberpndite epresronsting aly! ethers.
i nvention, the copolyner is further reacted 30 with
an et her conpound capabl e of Iinking two succinimde

youps. Sui t abl e et her conpounds include, but are not

imted to, the follow ng: Polyether Polyamni nes
Exanpl es of suitabl e pol yetheram nes include

PR oY ERPoh s S S KAk sines ah G Cuo
bydaigginhyés of omob_ﬁt\wafrgcéliyammatedl()ﬁ @abmﬂi"@ﬂf or
é@{%&?&fﬁng %rf]:iddsr,] s_lugh- tag%ir%g ry?aemf?}foe % %%Htéaéiéﬁl@lammoethyi
acrylate, dibutylaminoethyl methacrylate, acrylamide, methacrylamide,
N-tert-butylacrylamide, N-octylacry!amide,' N,N' -dibutylacrylamide,

N-dodecylmethacrylamide and N-octadecylmethacrylamide.

(3)

Another group of monomers includes the following: N-vinylcarboxamides of
carboxytic acids of from about 1 to about 8 carbon atoms, such as N-

vinylformamide, N-vinyl-N-methylformamide, N-vinylacetamide, N-vinyl-N-

-27F -
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10 the pol yether polyamnes suitable for use in the
present invention wll contain at |east about one
ether unit; preferably fromabout 5 to about/ 100,
nore preferably from about 10 to about 50, and even
nore preferably from about 15 to about 25 ether
units. 15 The pol yet her pol yam nes can be based on )
et eHraffde Medifyl-dheBRiaCetapiok] Neanglddmetbylprdyibpamide
oxi de, propyl ene oxi de, and butyl ene oxi de. Exanples
21d PoYipdpPIRRIoNsaNid8ni nes are sol d under the Jeffam ne0
brand and are commercial ly avail abl e from Hunst man
Corporation |ocated in Houston, Texas. 20 O her
e}anpl es of suitable polyetheram nes include
pol yoxyt et ranmet hyl ene pol yam ne conpounds havi ng the
follow ng structure: H2N (H2c)30(cH2)4-0) (CH2)4
%&l%) §roh%9<§ RodorRBrafAeraks tie fdlloWhey:deglrsecompounds of
yne

po I zation (i.e nunber of nononer ether units).
Rtlogetiventaiing delapryias. stsh auNtWaiRjFazolehe

opol r reactant : ' _ r
R T BB A R R BRE g S B R e R
Al cohol Typically, am no al cohols nmay be fornmed when
t he al cohol end groups of a conpound are not
tonpl etely converted to am nes during reactions, such
as 10reductive am nation. Also, one nay initiate a
pol ymer chain (i.e. grow propyl ene or ethyl ene oxide)
BSunAblan-alefine cgnetipe abdut Aér 40 eagbdmatenm palerablp from about

S sro T Ea B a e i B) ibRthetn
HEJ(’{%&%# & i I, ak eahipls RS BLPE, A0IERHeferably 1-olefins,

sul tabl e pol yet heram no al cohol s i ncl ude conpounds
haingretdiso kobwowsraipts plefings with nunier average molecular
weights in the range of from about 28 to about 560 are p-feferred, with
molecular weights in the range of from about 112 to about 420 being more
preferred. For example, alpha olefins obtained from the thermal cracking of
paraffin wax may be employed. Generally, these olefins range from about 5 to
about 20 carbon atoms in length. Another source of alpha olefins is the
ethylene growth process which gives even nurnber carbon olefins. Another
source of olefins is by the dimerization of alpha olefins over an appropriate
catalyst such as the well known Ziegter catalyst. Internal olefins are easily
obtained by the isomerization of alpha olefins over a suitable catalyst such as
ﬁEaPmmmm%1@mmwﬁmnCmcmamnmaﬂmmm%ﬂmﬁemmmmma@
commercially readily available, and because they offer a desirable balance of

the length of the molecular tail, énd the solubility of the terpolymer in nonpolar

solvents. Mixtures of olefins are also suitable.
Preparation of Copolymer (i}
Copolymer reactant (i) may be prepared from well known methods which are

described in the art including, but not limited to, those methods which are

_92-
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wherein R15 is independently a hydrogen or

hydrocar byl - group, having about 1 to about -4 carbons,

and n is the degree of polynerization. Generally, the

pol yet her amino al cohols, suitable for use in the

present invention will contain at |east about one

ether unit, preferably fromabout 5 to about 100,
dsiesebinhefielicahy phteams atidah aidhemimbomorp&aiedareference:

f er abl
{Garesn ot ot S Banpl e, S0 LdPTeBrBHSF) B n SRS
@Ja.ﬁ%ﬁgh,ggbngwé%n%rmwt et< amERYNENEaRIE5al cohol

ounds "having the follow ng structure:
H2N- (112C)3  O( ' CH2) 4-0(CH2) 4 O(OH2)4--OH )n-1 5

BOSESh o S5y Bl B g

her am no

é@?ﬂl&&mi g?l:éigf&@ﬂgﬁ%@ dsrpbaYidtThbse ferpblgwiang are composed

of at least one of monomers (a) to {c) as described herein.

Typically, the terpolymers of this invention contain at least one of monomers
(a) to (c) three components comprising of a monocarboxylic acid or ester
thereof, or a dicarboxlylic acid or anhydride or ester thereof; a branched
olefin; and a monoolefin. In general, these components react to form
terpolymers which can be random terpolymers or alternating terpolymers or
block terpolymers and can be prepared by known procedures for making
copolymers. The monocarboyxlic acid or ester thereof or dicarboxylic acid or
anhydride or ester thereof is selected fromy those which were previously

disclosed, preferably maleic anhydride.

The degree of polymerization of the terpolymers can vary over a wide range.
In general, terpolymers of high molecular weight can be produced at low
temperatures, and terpolymers of low molecular weight can be produced at

high temperatures.

The terpbiymerization is conducted in the presence of a suitable free radical
initiator. Examples of suitable polymerization initiators are peroxide
compounds, such as terybutyl perpivalate, terybuty! perneocecanoate,
tery-butylperethylhexanoate, tertbutylperisobutyrate, di-tert-butyl peroxide,

di-tert-amyl peroxide, diacetyl peroxydicaronate and dicyclohexyldicaronate,

“or azo compounds, such as 2,2 -azobisisobutyrontrile. The intiators may be

used alone or as a mixture with one another. Redox co-initiators may also be

present, Preferably, the initiator is a peroxide type initiator, e.qg., di(i-butyl)

* peroxide, dicumyl peroxide or azo type initiator, e.g., isobutylnitrile type

initiators. Procedures for preparing poly 1-olefin copolymers are, for example,
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H2NCCO R16 CSH wherein R16 is independently a
hydrogen or- hydrocarbyl group, having fromabout 1 to
about 4 carbens and n is the degree of o

pol yneri zation. O her exanples of suitable

pol yet heram no thiols include

20pol yoxyt et ranet hyl enearni no thiol having the

fdebtinmania LSBT Rat. Iees. 3, 5BOT5akhg 4, 24060 160 heettheinaaipesated by

thiols suitable for i i i i
o BB BabeSohpeeR G be LI
fi%r‘ﬁtmgﬁggé‘.tBéh Qt9 Uls ol RQcribB 8, ief 6f inkilayorkr om about

out 50, and even nore preferably from about
15 to about 25 ether units. 5 Ether Pol yam nes Ether

Di amines 10 In yet anoth ' 0f S
s e hErokEh AT TR B 't P RE ok oo
HrrB8 $n theldnad harfieant Repolgirer (i artield isi¢drribld below.
copol ymer, such as decyl oxypropy111l, 3-di am nopr oPane,

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

i.sod decy.ii xypropyl-1, 3-di am nopropane,
m—fé et radecyl oxypr oPy1-1, 3-di am nopr opane,
i sotridecyl oxypropyl- 1, 3-di am nopr oPane,

t et radecyl oxypropy-1, 3- di am noP
pmaygthegémboépmer?t of the présen_t trrlglerrxt? n%qr?é 058

cl)[)érentel? Factant is a
copolymer obtained by reacting (a) at least one monoethylenically
unsaturated Ca-Css monocarboxylic acid or ester thereof, or a C4-Cos
dicarboxylic acid, anhydride or ester thereof and (b) at jeast one
copolymerizable polymer composed of at least 3 olefin moleculeé of propene
or of a branched 1-olefin of from about 4 to about 10 carbon atoms, having a
numbér average molecular weight M, of from about 112 10 about 5000, and
having a terminal copolymerizable group in the form of a vinyl, vihylidene 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 molecutar weight olefin in which a high proportion of

unsaturation, at least about 20% is in the alkylvinylidene configuration, e.g.,

CHy

Rg/ Rg

wherein Ry and Ry are an alkyl or substituted alkyl of sufficient chain length to

give' the resulting molecule stability in lubricating oils and fuels, thus Rs
generally has at least about 30 carbon atoms, preferably at least about

50 carbon atoms and Re is a lower alkyl of from about 1 to about 6 éérbon
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In yet another enbodi nent of the present invention,
the copol ymer nmay be reacted with a pol yether
containing at |east two hydroxyl end groups fo form
an ester. The pol yether polyols have the foll ow ng
structure: wherein R17 is independently a hydrogen
or hydrocarbyl group, having fromabout "I to about 4
arnig veth amdnsatusated acidégresetartt iptileypresenee pba free radical
O her exanpl es of suitabl e polyether polyols include
13yt et r amret hyl ene pol yol conpounds, such as those '
A ehe apdsebesrdgiouemand

Eﬁég{#&%&:%@gﬁéﬁ?%%ﬁ?ﬂ%nm Ilsﬂ':hw%!g?‘aWar e, havi ﬁggt hg
Basbhmmrayesdegfeeweolmf@a@gy@f ToyeFaeiero) (oH24- 011
n-1 wherein n is the degree of polymerization. 10
Sui t abl e pol yether polyols include, but are not
rheigrelied cobbynicrt (Mvafrige ppedordiyentiyh biage ghy geheral
pol yoxypropyl ene glycol, polyoxybutylene glycol, and

cyt et r anet hyl ene gI ycol . 15 The nunber average
nol ecul ar wei ght of the presently enpl oyed pol yet her
polyol will generally range from about 150 to about
5000, preferably rom‘Tbout 500 to about, 2000.

o= cmo Rz Rs

C——C C—C
HoH I 1
Ry R

wherein W' and Z* are independently selected from the group consisting of
—OH, —O- lower alkyl or taken together are —O-- fo form a suceinic anhydride
grotip, n is one or greater; and Ry, Ra, Rs and R, are selected from hydrogen,
lower atkyl of from about 1 {0 about 6 carbon atoms, and high' molecular
weight polyalky! wherein either Ry and Ry are hydrogen and one of Rs and R4

is lower alkyl and the other is high molecular weight polyalkyl, or Rz and Ry

“are hydrogen and one of R and R; is lower alkyl and the other is high

molecular weight polyalkyt.
Copolymer (i) may be alternating, block, or random.

In a preferred embodiment, when maleic anhydride is used as the reactant,

the reaction produces copolymers predominately of the following formuia:
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General ly, the polyether conpounds suitable for use
in the preseant invention 20 wll contain at -l east one
ether unit -preferably fromabout 5 to about 100, nore
preferably from about 10 to about 50, and even nore
preferred from about 15 to about 25 ether units.
Ceneral ly, the pol yether conpounds suitable for use
in the present i [ [
one ether type q

pol y( oxyet hyl ené- co- yt'ene) Rdi dm The
m xture of ethe ' be blo¢k,j?;n om or
alternating cop < ent-HyC ed et her
conmpounds are c gémﬁtr atf least two
carboxylic acidigroups or anhydrigde dgriyatives
thereof. 30 GCenerally, the copol yner y be reacted

with a m Xture oK pol yet her pol yam nes,/ pol yet her

ani no al cohol's, polyether amno thiols, "pol yet her

pol yol s, or ether diamnes to forma m xture of

i mdes, am des and esters. 5 (C) Am no Aronmatic _
Rergéiant islfronadbowti v atmut HEOe prederabbripeamipogt 2do about 20,

ol yet her pol yam ne ol yeth anm,n i Mat.i
Do R BSOS 8 AR SR e K gt
3RRY ﬁ}ﬁlr%g@n,cl%e# MDY ofifforAlabBut ¢4 hbeué tavbah diemstand

one amnod aromatic 10 selected fromthe

g roup o
digterstolacular weight pelyaiayv Wi@-@afe%\ﬁj‘ ﬁgg mere hydrogen and

amn rbazgl e, ( i i 0l i R
z?r?len% %‘r %rﬂz)@i) ! P‘&%%? ‘E\,W %‘g{ {ha% (rjn&ﬁ %’L‘g ri % moﬁ%la&f nvée]??g
O MY BRRYYhame, Agigeroderedret orel ofiRi Bod &.dedavrer alkyl and
conpounds are described as follows: 15 (a)-an
Rhaojhghe highenelardas Weighb pruédyted by the fornul a:
20in which R18 is H, --Wary], -NHal karyl, or a
branched or straight chain radical having from about
b ieerabigutheddgie arotemiatvesight palyalidrorben kgl least about

_ aa!fi( q?q;[ lgp@?érgg &Lefeﬁ%%ﬁlqﬁela:s?%@ﬁk% elirbor'?]@?%ﬂpg)'@%w}ed high

rar He¥drt vl roips GReciid@pdiyropashghaye. Brefatiad
frpgl'%%gaégs{eY -tlpgwég(gbgdl%; and Rgoyi S hsﬁg?ogen akyl ioh
apdginybyty RFabEoigludedhask RYING ML YR IagRRPIRE A SYrIgts

about 4 to ut ,24 0 ' i
ot AeathoU s PR RS plElroE R e ekl oo to bt
Nggtﬁp_ lisRadkiRIidiespE NeRIOS) mefhgt aex atipl; especiaily
N-p éf;?{é?%-lgﬁenyﬁnggdi I?Jlrri ne,

Norgfarnad lovveB apbiegrptpn g Awth¥ing

N- phenyl - 1, 2- phenyl enedi am ne and N-napht hyl -1,

4- phenyl enedi am ne. Qther pol yam nes of NPPDA nay
ahsrrfeilamchretetd dashobsielih aulynuus opyiprises the polybutenes,
- phenyl phenyl enedi am ne.

which are prepared by polymerization of isobutene. These polybuienes are
readily available commercial materials well known to those skilled in the art.
Disclosures thefeof 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.

Preferably, 1,1-disubstituted olefins are used to provide a high molecular
weight, oil soluble tail in the terpolymer. Preferably the 1.1-disubstituted olefin

has a number average M, of from about 500 to about 5000. One particularly
: -26 -
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(b) aminocarbazol e represented by the formula: in

whi ch R21 and R22 each independently represent

hydr ogen or .an al kyl or al kenyl radical having from
about 1 to about 14 carbon atoms, (c) an

ar ni no-i ndazol i none represented by the fornula: -

15in which R23 is hydrogen or an al kyl radical having
fisato ﬂbaﬂautihtitwe@bmlﬁh id 4 1chdimrbsttuben polgistbulyihreem such as
am nonercaptotriazo represented by the fornul a:
Tﬁﬂiﬁ’[‘ﬁwllde“?é’ﬁ&?ﬁ%ﬁﬁtﬁ%%ri rni di ne r)épresent ed by the
formul a: NH2 NNH 10i n which R24 represents

hydroogen or an al kyl radical having fromabout 1 to
Rhdetabhdiheadpolyragronable pelgmer Famprises a high molecular weight

%ﬁ%ﬁﬁ’é’r@ﬁ%h‘?&e& .er}i%eé (?l%rn?%efﬁéﬁ%ol?é{CL}!&E\Né@HTHlleﬁh. The high
molecular weight olefins used in the preparation of the copolymers of the
present invention are of sufficiently long chain length so that the resulling
composition is soluble in and compatible with mineral oils, fuels and the iike;'
and the alkylvinylidene isomer of the high molecular weight olefin comprises

at least about 20% of the total clefin composition.

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 atomis along the chain. These branched chain oiefins
may conveniently comprise polyalkenes prepared by the polymerization of
olefins of from about 3 to-about 6 carbon atoms, and preferably from olefins of
from about 3 to about 4 carbon atoms, and'more preferably from propylene or
isobutylene. The addition-polymerizable olefins employed are normally 1- |
olefins. The branch may be of from about 1 to about 4 carbon atoms, more

us.uéily 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.

The especially preferred high molecular weight olefins used to prepare the
copolymers of the present invention are polyisobutenes which comprise at
least about 20% of the more reactive methylvinylidene isomer, preferably at
least about 50% and more preferably at least about 70%. Suitable
polyisobutenes include those prepared-using BF, catalysis. The preparation of

such polyisobutenes in which the methylvinylidene isomer comprises a high '
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F27 R26 15 in which R25 is H, --NHaryl,
- NHal kar vyl , ranched or straight chain radl cal
havi ng from about 4 to about 24 carbon atons that can
be al kyl, al kenyl, al koxyl, aral kyl or alkaryl; R25
'S --NH2, --(NH(CH2)--n)--m NH2, - -NHal kyl, or
--NHar al kyl, in which n and meach have a value from
p@@@hta@etoi tiad toial ddinpesitorRR7deéssrihgdiobed, PatieklyNos.

al kgx arai kyl, or alkaryl, having from
ﬁﬂé@t%@ﬁ‘ @Egé@% carbon atonms. A particularly
preferred aryl oxyphenyl eneam ne i s 4-phenoxyanili ne.
Met hod of Making the Lubricating G| Additive
Bomposiian ohCapayimebii)cating oil additive conposition
is prepared by a process conprising charging the
reactant copolyner (e.g., at |east one of copol yners
AEhotdd Aol @oéQQ/Mér)(u)acﬁ tﬂéwsebﬁmd‘emen i3] p:‘epaaeed by
reactor, opt| onal'l y under- a nitrogen
ressting gnatiefin a@rﬁértats@ﬂéa@rd ATDmagant Boce P8 P@%ﬁt‘ﬁ afree
EERE AP gL DR bR cSHEHARY () i vescrer
repahBbn, Ufser%wnpwodaqrmgsoa dihliat is heceipohgarperated by
reactant. The anmount of diluent oil in the diluted
tdpEngaet it §NiSY0 about 80 weight % nore preferred
15 from about 20 to about 60 wei ght 13/0, and nobst

~preferred fromabout 30 to about 50 weight % Both an

ahe neactioomaty beammlecwﬁiomsmte@nmatmg |o§, ahpuie30°C to about

t h I :
Bapyumeiaon yort 2t Ao R AT RO TS dRRE
Ebgﬁ%&@n&‘ﬁsﬁ%veﬁs@!ﬂ &%pbﬁftﬁia@fo teﬁﬁp@amratma)rdls@y, for the

under a nitrogen urge tenperature in
s E

perfgeed high mbEeular3eauhic Gpedvayiegerts ryemaloy
Xﬂyg g ur%t':t%xh | 6e§"gtx}r§% Llib\?reéygx Cdéé gf {hW%r rg@@f%’r& isondLBted at

lybhi 1:%"01 anQiveragislibine sigoppaetiaioncdmbalb b ogasratiained.
usi ng Fr ocess _conpri si ng si multaneous| ga@gﬂ e
éiqwemeei baoeantien presondHeeEa A PmAET? ‘i“¥ & P an

t
gagﬁ%a e %@ﬁ@oﬂﬁo%ﬂy B 'nS% ?ﬁg?&lﬁ fng V\Fd%eotﬂhiﬂi@fj

S east one of
pol yet her pol yam ne, pol yether am no al cohol ,

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.

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

an amount sufficient to ensure efficient mixing.
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pol yet heram no thiol, ether polyam ne and pol yet her
pol yol) at-the deswed ratios into the reactor. One
or nore of the reactants can be charged at an
el evated tenperature to facilitate m xi ng and
reaction. A static m xer can be 30used to facilitate
m xi ng- of the reactants as they are being charged to
ltnhﬁerpe@%reﬁon dhsoly BHESA Oimprevediresulld aoaiobtainedibyutsing

.5 to about 2 hours at nper af. ure from about 130C
P@%@DPOZB&?’A epta %‘Pl‘&@”‘;}oét s applied to the
reaction m xture during the reactl on peri od.
Preferably, the ratio of polyetheram ne,
Mateirhleﬂmowlydmmzeﬁtammra{v@lmtnatpdIbyeiﬂye‘rqzﬁ)fwaitf@ﬁator-

hyl ] b
SerarupteSrse W kool BRI RyTie: Do ot Ay e fadica
?2588&2'%¥ b& !&iu@%cbe Y- B8 re BBt RiRiglUreémpldged.ati o

1; even'nore preferred, the ratio is
0.35 to O. 20 nmost preferred, the ratio is 0.33.

the ra A 0
G b R LS S
Aajaforareisthe azbhgse leynﬁénz(éﬂio@?iﬁtlél@)rsil Radiboy tac also be
acid, anhydride or ester is 0.95 to 0.10; nore
peed torindiate edepslion 1f desitedh to 0. 20: even nore
preferred, the ratio is 0.35 to 0.25; nost preferred,

the ratio is 0.33. In one enbodi nent of the
Thy petddde-typhdramomadica énitiattir cah beatrgbpiced ine@eniotha s

Biopees i 7 S 0 aHoREk T (B HEBPTE B by oTgppie
Rdic %HW%HS Ghlobted fr@ﬁﬁt the gﬂ‘BMp Rensiefi@et BediogehR@d any

presence conmponent (O .e. the aromatic am ne)
prgeumc taolicah 3t dR1ta iand %3 @&m’p@ wegani¢ Bydigals eprefgiably

t her npound brl o) t

FiereSermaNt Zaur B, A ohb, CRERERL HEB TR, quch o
halcgensrat! Wre@éw@ﬂ pémxwésameau@el ditdatbubyd peubfide] doamyl

to Fubricate nmoving parts, for exanpl e internal

porbits, iaof dbiryi-A8Y] P§ERIES. and transni ssi ons.

Typically, the lubricating oil 25 conposition of the
present invention conprises a major anmount of an oil
efahiphed efadthagsuiiabiopétoxidesd waniati imaro 'afaplaame ligfitinchénciude
| ubricating oil additive conpo P oi |
BRPTYY) @8O, LRHTANLP %fpxngge il Guty Sejrites:
2”4{)B|cﬂﬂ}rbt5%z%gp’gbér%9ﬁfe Yerti n‘ﬁﬁb ﬁl‘?ycﬁbﬂ)er%&ldeméﬁh%@ ng
viscéosity used in such i ons may be mineral
@yhmp@ron@mtdmtatyd aﬁrbsldeAamisbhyﬁrbpdfr@wd@g a viscosity

Sichiprerratpy: efendron Gt Rk R e M e

base oils may be derived fromsynthetic or natural
sources. Mmneral oils for use as the base oil in

tTlﬁwe@znmtveﬁw@wounds uleifierdry arbapirha’ prrokisipepylyronitrle, are

n ht h r

R B DR B Tt a0, ORI ciBph can
fb@fde&#@ﬁﬁisetho&phbwhg Presarthionhs yrtidetie graig sNahtwherein the:
synthetic esters and m xtures thereof havi n

d}@éance*ea aje sabsiet\by PEdnECRAIGHS S iR aNe o .V?@Cfr‘.ﬁ/preferab!y
I

?ﬁ%oﬁ%{? I’tozé1 ?%%%@gﬂé?ﬂy ?gﬂnez o] tgﬁ rﬁﬂ?litnﬂ:%olpciude but are

Oidt:ﬁmlt@ﬂ t@ig- Br@m@mrz@dxeﬁrmnhydﬂoombboﬁesynt hesi s

procedures using carbon nonoxi de gn g ses
i 49 oF SFare: 7 BisSer o soeae2otker BTaSy et i c
*&fﬁ%ﬁkﬁ %Qn@ghén%{?@zlﬁ!ﬁ%nﬁ hakiel posyinms iaforalBhgpe
ol'erins ha

ving the proper viscosity. Especially
10useful are the hydrogenated9l-i quid oli gorrers of C5
to Cl2 al pha ol efins such as
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1-decene trimer. Likew se, alkyl benzenes of proper
viscosity, ‘such as di dodecyl benzene, can be, used.

‘Useful synthetic esters include the esters of

rnonocar boxyli c aci ds and pol ycarboxylic acids, as

wel | as nono- hydroxy al kanol s and pol yol s. Typica
exanpl es are di dodecyl adipate, pentaerythritol 15
¢sthpagiady et Be falind2indl I3y IFatonytl Nad?, pa1,8,13, issued May 8, 1951 to
di | auryl sebacate, and the like. Conplex esters
B?@Hﬁﬁg@eWron1nixtures of mono and dicarboxylic acids

and nono and di hydroxy al kanols can al so be used.

Bl ends of mineral oils with synthetic oils are al so

. Tisehulaun2 0T itiatort theerbpisy. exdiugen obmdiatias, iof geurse, depends

ffi i | efi i .
B e SR B Beytn Selpla TGRSR RS gty o
Gédd 9hd tMDFdB6H BENNIBROST e initTRer PAsE cbtbuanbaksiuble in

be a m xture of mneral and s%nthetiq oils. Method of
eoreattiommedig cFhe Layalmaneanirationseod inlaics are Rgtveren

L,tjve ositiQn. e, i ' '
ALY ¥50 BTRARLE Ol oo NGB, i preterea
B RUHE] Rewdch W0 atanag) 0011, conposi tion. The
| ubricating oil conposition contacts the engine,
i nprovi ng di spersancy. Accordingly, the present
i i on.J I i rect _ ; ' [ :
5B ERLsE TR eRn el Al fe SUEKRRD LR (ARCAK b the
potoi HeFodpes Hid dapitcddrengidiealni For exvenplapudioabengoyl

oil conposition of the invention, tianall, t he o
PRI g BT ol EEUCE BTt RABass Peleelitrat 75°C
Qﬁé! a%@uym,gﬁef%refbiﬁ beffish b¥ut SHrenamts 88oh B Uehigher and
the proper con

centration of the additive that is
leece dempyratoresaiandveetripdoydsk iaradatbis kiogd nange ef temperatures

PERE ST Pal PoRuCA Y nd KpRLLedE Giiel AEE R R ees

PENHS PSS QATOSC Aindaditar 13ddCt i ves, etc. Generally,
however, the range of concentration of the additive

in the base fuel is 10 to.10,000 wei ght parts per

hblhog Iy | iciht - \oRSlivaFit i irRNliquid
Thel gL ol A2 MO Bate oo Lo
bRaserPragpuiet cah thbefaedidr betwesn beoutssthospheric and
addi tives descri bed herein ma

, rein be fornulahed as a
flRIPsKbACAReRPE! | §?€H§e%ﬁf¥%$8ﬁ SRS % ophi | i ¢

" solvent boiling in the range of about 150-400F :

(65.6-204.4C). Preferred solvents boil in the _
Jheatidemimdiessialyuifiiciange. reprlibfrethgbiupstaptially complete

al i phatic an._aromati ¢ _hydr.ocar hon .sol vent | s used,
copprraongrJhe 200E Welarl At Nigh BideR sk olsnte e
%bB&?HeG_Sﬂ% recBBRtihfe kHiReisbeldephatd andbe ohatss wifh -
about 3 to 8 carbon atons, such as isopropanol,
pEifeubdirghcmnbines betwasit oKt HhoowRe |ike in

conmbi nation wi th hydrocarbon solvents are al so

suitable for use with the fuel additive. In the fue
PRNERAY Ldbee, thBeuBRUNamibntibe adeidi-ypewohimbrzation
ordinarily at |east 5 percent by wetht andsgfnerally
eActione Ebe I meleseifr WiohkPight, apfiereraBny sPrEm 870

50 nr : ' &Mt factors
304 RE PP P 0GR LT O, Sl Bty O PREGRAN foct
spe it ste esbtdi oBteshigh rhblesuianvenghit eefanandeednoeatient in
be construed in any_ way q; Liniting t?ﬁ scope o; the

ithe BrasesRe of a free-radical producing mate al. The Yeacluon, for example,
can be conducted in a baich system where the high molecular weight olefin is
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25EXAMPLES Exanple 1 Preparation of Terpol yner
(Copol ynmer -(i)) 30 2513 granms of high .

met hyl vi nyl.i-dene polylsobutylene havi ng a- nunber

aver age nol ecul ar wei ght (M) of about 2300 and a

met hyl vi nyl i dene content of about 78% (which is

avai |l abl e from BASF as dissopal 0 2300) was charged
dcienl a4t 1h|taaéyatrt arm:g’mme ppaddis mlacmltttattletqr anshgsevert @r ghe

contr r and rhea r_a ece

onmoac s SageL AET RIS hesSMRar G e bR (pgfdy o the
r%?gto? heraahtiadg dneir&ddthRsWasy Bealopsbihed ¥bOtGer bragesior

of noisture were renoved by spar gi ng 250 scnB/ min
sampgercidisreaghnt rd iitiator @ay die togngh uplecyipt weight

[ th t
dbth BPoe 01 dh PO Rl 1R SOfphRARSR 2 ERbon
mndwr@rdaralﬁaeaaddécﬁcdntgmmsiydocwwtecpammmm porirBOUS
solution with toluene were fed sinultaneo

sl he .
eebpT 3PErion Hdhe SO ATREOYRIY ST Ky R PHEPARRIS I
?ér%lényr{ 1{%?2[5%&%“5%@{@@%{1& Fhdy 5bediidddut | ne batch

enpera € reactor was nmintained at 0C for
gk wHerbinhthatigh Muteaukaoveighthaleflindaadded tﬁ!lfﬂi@idp the

* igvatsicny e bp i o5 g WRNERE TeApard crfEgy over

ﬁtgg FRacd ttoh%%ﬁrkﬁéjo 6bly {I’ dé!ﬁ&@ﬁf éb@ﬂ%ﬁ@&d@ﬁird\l}&ire the

C and the pressure was for 1 hour
cornponenthiach added phnge of rrwa d@ﬁﬁéta@%%‘ed&”l ect ed.
The product was cool ed and a yield of 2693 grans of
copolymer (i) was obtained. 15 Exanple 2 Terpol yrner
beRRRRY i@y Wi th Post Treatnent Step (Copol yner
%_ll i ;) 65 ES4 granms of high nmethylvinylidene
polyisobutylene havi ng a nunber 20 average nol ecul ar

| ner
BEbC ko PO Er iR (i TEL K b eBRgmer
Ghianaene) ())re2d0Q) comsowhhfigepwitb cang®ugal (N ardac) 61 2

equi pped with agitator

ao@m@aad@aha@a b s BB e o s b Ter 1 o

| hesk
LBBIPETRTE P AL EEo g s bycopantl 1o o

boil syt éhewore eeodisd tatalypad gemeios. OguRt of WWQ%@@A') ()

t hrough th or about an hour. After drying,
?H@CﬁﬁTproé‘Qgr({T(Ha\§rf('§(§ to the reactor head space at a

rate of 500 scnB/mn. 4802 grans mal ei ¢ anhydri de and
441 grans of nelted di cunyl peroxide were fed
Srepraratior ot Sopoly61a ) r eact or over 2 hours. After the
mal ei ¢ anhydride and di cunyl peroxide charging were
30 finished, the tenperature of the reactor was

mehioabors taé plaReafiar obngidianed (iB) indesstibdthdor example, in
resul ti (r;% ter pol ymer was then gtoost tre

FHeortvors el oUsbdAeREHe: SN Kne s a F e GaEAed by
?Qf%p(%qggg% Qﬁ:r%’tygr ams of sulfonic acid (derived from
a su

onation of ’a mixture of al kyl

In process step (a) above, any unreacted olefin, generally the more hindered
c;lefins, i.e., the beta-vinylidene, that do not react re_adiiy with the
monoethylenically unsaturated Cs-Cys monocarboxylic acid or ester therecot, or
C4-Cog dicarboxylic acid or an anhydride or ester thereof, under free radical
conditions, are reacted with monoethylenically unsaturated Cs-Cag
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benzenes) was charged to the reactor and heating was
continued until the reactor tenperature reached about
232C. | medi‘ately after charging the sul foni’c acid,
3201 grans nal eic anhydride was fed to the reactor
over about 1 hour. The pressure control was set to
hold at 10.3 psig. The reactor 5 tenperature was held
rabncaiwmwzazadmuesﬂier Depsdfgof Gr-Rs Bioaroxyiihacikded @ on

i PLESET B RO eNgB0 ! B BRI Lo g B aures of
it %Pbﬂbtei sted @bébautlz%@"éo’@h@é@a@ncm‘o@ hretiitritheth those used

copolymer (iil). anounts of sedi ment were
foe;nmedn@mefmaé pp@f@o‘"@lﬁ@% [Qriionaly thisdeartiQiekkgs place in

| 5? p@qesﬁéé LBl Sérq_%é‘f“g’a lflcﬁ’g gll'}%‘lg{: ?Vgetég{yegr a'{'anhvsslbqﬁT

PabyiRe. ®nee@sed according to Exanple 2 were charged
to a 15 reactor under a nitrogen purge and heated to
a tenperature of 140C. The charged pol yner was put

(H@gog{au? ¥ ggﬁ}gm rﬁ’\g\x‘sb lfls%%l YE‘ AL Sve tHé‘réa'&@arﬁé”ﬁle reaction

ent oll was charged. In
dohgers amest bemhlcﬂlﬂlgsbl\g}sa!ntﬂhdhe acidic reactant and the high

R e S S e e e
ﬂgﬁm&&\ﬂlﬁp Wb Bﬁiaoiéﬁws%gasz@ O(%W?ﬁt(ﬁfﬁﬁm]é’cé rdadtact in the

erage nol ec r wei ght of ) was slowy charged
sadutidrepcipmeriratinet wactiadelt has heendgend Pt ee salyent must also

react or ated 1o 150 under 0gen purge. The
begpe B}WI“@BE? r%%‘ﬂ:!%f\m 809%3”1?%13 S@h&{ hours to renove
wat er. The charge nole ratio of N-PPDA to anhydri de

was 0.8. The charge nole ratio of PPO DA to anhydri
smmoe mlveQB irgupeWAHY $ateraiec eF afo%?t&féﬂfiﬁ?%a@f)}(‘ aving

&érp gt%gﬁg[]{)b Tafboh &Bﬂ'lsoﬂgﬁﬁiregtiia‘(l ﬁ&%{ﬁﬁ:t B-16 about

are al s6 sunmari ze n Tab
EiﬁrbE@Mt@m&Aanﬁ OqIﬁtﬂe&umtéebabpﬁ'ateailbaiogem@eﬁywérocarbons

ég‘glgﬁtl fefg”%(%?fﬂll\lg %Me%ﬁgﬁa g’xg r?\ %Nﬁ/ . ckuﬂele %%Eeraﬁliy rTrom

&bc%ﬁ‘lairt%eadogﬂ 3 carbon atoms per molecule. By "liquid” is meant liquid

under the conditions of polymerization. In the dihalogenated hydrocarbons,
the halogens are preferably on adjacent carbon atoms. By "halogen” is meant
F. Cl and Br. The amount of solvent must be such that it can dissolve the
acidic reactant and high molecular weight olefin in addition to the resulting
copolymers. The volume ratio of solvent to high molecular weight olefin is

suitably between 1.1 and 100:1 and is preferably between 1.5:1 and 4:1.
Suitable solvents include the ketones having from about 3 to about 6 carbon
atoms and the saturated dichlorinated hydrocarbons having from about 1 to

about 5, more preferably from about 1 to about 3, carban atoms.

Examples of suitable solvents include, but are not limited to:
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civiR Armine 1 Anhydride Content Amine 2 Type Amine 2
Charge , (91, MR Amine 2 Anhydride Content 3 300
NPPDA 1712 0.80 PPO DA 400 g/nmol 4.76 0.10 4 300

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

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

3. saturated dihalogenated hydrocarbons, such as: dichloromethane;
dibromomethane; 1-bromo-2-chioroethane; 1,1-dibromoethane;
1,1-dichloroethane; 1,2-dichioroethane; 1,3-dibromopropane;
1,2-dibromopropane; 1,2-dibromo-2-methylpropane;
1,2-dichloropropane; 1, 1-dichloropropane; 1,3-dichioropropane;
1-bromd-Z—ch!oropropane; 1,2-dichlorobutane; 1,5-dibromopentane;

and 1,5-dichloropentane; or
4. mixtures of the above, such as: benzenemethylethylketone.

The copolymer is conveniently separated from solvent and any unreacted
acidic reactant by conventional procedures such as phase separation, solvent
distillation, precipitation and the like. If desired, dispersing agents and/or

co-solvents may be used during the reaction.

The polyisobutenyl succinic anhydride (PIBSA), which may be directly added
to copolymer reactant (i) or (ii), is generally prepared by a number of
well-known ;\jrocesses including the method disclosed within. For example,
there is a well-known thermal process (see, e.g., U.S. Patent No. 3,361,673),
an equally well-known chlorination process (see, €.9., U.S. Patent.

No. 3,172,892), a cotnbination of the thermal and chlorination processes
(see, e.g., U.S. Patent No. 3,912,764), catalytic strong acid processes

(see, e.g., U.S. Patent Nos. 3,819,660 and 6,156,850), and free radical
processes (see, e.g., U.S. Patent Nos. 5,286,799 and 5,319,030). Such
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
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NPPDA 8.84 0.40 PPO DA 400 g/ nol 14.4 0.30 75 NPPDA
1.29 0.23 PTMO DA 1000 g/nol 11.5 0.38 6 100 NPPDA
1/0 1123 PEO DA 2000 g/ nol 30.8 0.38 o

1.3 succinic groups per alkenyl-derived substituent (see, e.g., U.S. Patent
No. 4,234,435).

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

EP 0 602 863 and EP 0 587 381, and U.S. Patent No. 5,523,417 disclose a

procedure for washing out the polymaleic anhydride resin from polyalkylene

“succinic anhydride prepared from high methylvinylidene polybutene. A

polyalkylene succinic anhydride with a succinic ratio of 1.0 is disclosed. One
advantage of polyalkylene succinic anhydride from hight methylvinylidene

polybutene is that it can be prepared essentially free of chlorine, U.S. Patent

No. 4,234,435 teaches a preferred polyalkene-derived substituent group with

a number average (M;) in the range of from about 1500 to about 3200. For
poiybutenes, 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, there should be at least 1.3
succinic groubs per equivalent weight of polyalkene-derived substituent

group. Most preferably, the succinic ratio shouid be from 1.5 10 2.5.
Other suitable alkenyl succini¢ anhydrides includes those described in
U.S. Patent No. 6,030,930. Typical alkenyl used in the preparation are

ethylene and i-butene copolymers.

(B} The Ether Compounds

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

ether compounds include, but are not limited 1o, the foilowing:
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100 4-PA 4.0 0.55 PPO DA 4000 g/ nol 36.0 0.23 NPPDA:
N- phenyl phenyl enedi am ne PPO DA: Pol ypropylene oxi de
di am ne PEO DA: Pol yet hyl ene oxi de di am ne PTMO DA:
Pol yt et r anet hyl eneoxi de di am ne 5

4- PA: 4- phenoxyani | i ne Tabl e 1A: Conparative Exanpl es:
Post Treated Terpol yner reacted with Exarrpl e Charge

(R)yether.PolyaminesAnine ne 1 .. Nne IP ... .-.. ...
Am ne 1 Charge (0Q)

Examples of suitable polyetheramines include compounds ha\)ing the

following structure:

HoN

SE ) e T
S
OT
)
..\\

wherein Rug is independently hydrogen or a h_yd-rocarbyl group having from
about 1 to about 4 carbons, and n is the degree of polymerization. Generally
the polyether polyamines suitable for use in the present invention will contain
at least about one ether unit, preferably from about 5 to about 100, more
preferably from about 10 to about 50, and even more preferably from about 15

t0 about 25 ether unils.

The polyether polyamines can be based on polymers derived from C2-Cg
epoxides such as ethylene oxide, propylene oxide, and butylene oxide.
Examples of polyether polyamines are sold under the Jeffamine® brand and
are commercially available from Hunstman Corporation located in Houston,

Texas.

Other examples of suitabie polyetheramines include p'otyoxytetrameihy!ene

polyamine compounds having the following structure:

HzN {HzC):i__—"O‘{(CHQ )‘(CHz CHz) NH2

wherein n is the degree of polymerization {i.e., number of monomer ether

units).
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Pol ymer - CIVIR Arine 1 Anhydride Content Amine 2

Type Am ne 2 . Charge (0) CVMR ... Am ne z Anhydride

(;gnt Snt = L./ 100 none None N A PEO DA 1100 ¢/ nol
.40 0.5

Polyether Amine Derivatives

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

alcohol or amino thiol.
Polyether Amino Alcohol

Typically, amino alcohols may be formed when the alcohot end groups of a
compound are not completely converted to amines during reactions, such as
reductive amination. Afs_o-,_ one may initiate a polymer chain {i.e. grow
propylene or eth'ylené oxide) from an amino group and therefore have an
amino oh one end of the polymer chain {i.e. initiator) and an alcohol terminus,

or an amine internally in the molecule with alcohol termini.

Exarmples of suitable polyetheramino alcohols include compounds. having the

following structure:

Rqs ' Ris : ST
} Hy I Hy Hy
HoN C C O C C O C C OH
i \ A H
/ n

wherein Ry5 is independently a hydrogen or hydrocarbyl group, having about 1
to about 4 carbons, and n is the degree of polymerization. Generally, the
polyether amino aicohols, 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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80 none None N A PEO DA 2000 g/nol 37.87 0.5 10
NPPDA: N-phenyl phenyl enedi am ne PPO DA: Polypropyl ene
oxi de di am ne PEO DA: Pol yet hyl ene oxi de di am ne
15Exanpl e 8 Preparation of Gl Soluble Lubricating
Ol Additive 88 granms of pol yner prepared according
to Exanple 1 were charged to a reactor under a

Oiter egampny gesuitatichealyetherammot alogheraingiueleof  140C.

el A RY iR aksre! Paeprde p3viig i TikRlno

dhldigat oi |l was charged. In the sane reactor, 2.46
grans of N phenyphenyl enedi am ne (N PPDA) was char ged
under a nitrogen purge. 26.04 grans of

pol yet hyl eneoxi de di am ne (PEO DA, having an

appr oxi mat e nunber erage nohkecul ar wei ght of 1000)

Spisl 25 charged h actop.unde —
\ﬁia?'r\log@{g%)ﬁr ge. @he ré§§i224%? he(a(tij@ ﬁ‘t ob150C l(JCngi324 a OH
ni trogen purge. The Yeactor is,pyt under a vacuum for
1.5 hours to renoves excess vvape The charge nol e
ratio of N-PPDA to anhydride was 0.23. The charge
mol e ratio of PEO DA to anhydride was 0.39.

Wwhbetaiminiig thehdegrenarf golymedzalione of Exanple 8, Exanpl e
9 and Conparative Exanples A-D were carried out and
are also summari zed in Table 2 and Table 2A. 5 Table

Potybpd nmer THigyo post treatnment) reacted with NPPDA
and Exanpl e Pol yner

Examples of suitable polyetheramino thiols include compounds having the

following structure:

R1s _

H,N——C——C— 0

whetein Rys is independently a hydrogen or hydrocarbyl group, having from

-
S
_.\

H
c

IO—X

ot
)

about 1 to.about 4 carbons and n is the degree of polymerization.

Other examples of suitable polyetheramino thiols include

polyoxytetramethyleneamino thiol having the following structure:

HzN*(HzC)a—-—O*é(CHz)JO}‘(CHz)r0—“(CH2)4“SH
-/ n-1

wherein n is the degree of polymerization.
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Charge (g) Ami ne 1 Type Amine 1 Charge (g) CMR Am ne
1 Anhydride Content Am ne 2 Type Am ne 2 Charge |i
CMR Ani ne 2 Anhydride Content 8 88 NPPDA # 46

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

about 15 to about 25 ether units.

Ether Polyamines

Ether Diamines

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,

dodecyiltetradjecyloxypfopyi—1 ,3-diaminopropane,

isotridecyloxypropyl-1 ,3—d-iaminop ropane,

tetradecyloxypropy-1,3-diaminopropane.
Polyether Polyol
In yet another embodiment of the present invention, the copolymer may be

reacted with a polyether containing at least two hydroxyt end groups to form

an ester. The polyether polyols have the following structure:

wherein Rq7 is independently a hydrogen or hydrocarbyl group, having from

about 1 to about 4 carbons, and n is the degree of polymerization.
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0.23 PEO DA 1000 g/ nol 26.04 0.39 105 NPPDA 4. 24
0.33 PEO DA 500 g/nol 12.14 0.33 PEO DA: Polyethyl ene
oxi de di amme’ Tabl-e 2A: Conparati ve Exanpl es’

Terpol ymer (no post treatnent) reacted with

pol yoxyal kyl ene di am ne Exanpl e Pol ymer Charge (9
Anine 1 Type Amine 1 Charge Y 9e (9)

Other examples of suitable polyether polyols include polyoxytetramethyiene
polyol compounds, such as those referred to as Terathane® which may be |
purchased from DuPont Corporation, Wilmington, Delaware, having the

following structure:

HO‘“(HQC)4“"_‘O ] (CH2)4‘O g (CH2)4“_OH

wherein n is the degree of polymerization.

Suitable pd!yether polyols include, but are not limited to, the following:
polyoxyethylene glycol, polyoxypropylene glycol, polyoxybutylene glycol, and

polyoxytetramethylene glycol.

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

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

15 to about 25 ether units.

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
poiy(oxyethylene—ooioxypropyl’ené) diamine. The mixture of ether units may
be block, random, or alternating copolymers. The presently employed ether
compounds are capable of reacting with at least two carboxylic acid groups or

anhydride derivatives thereof. .
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(9) CVMR Amine 1 Anhydride Content Amine 2 Type Am ne
2 charge (9). GVR Ami ne 2 Anhydride Content A 90 none
none N A" PEQ'DA 900 g/nol 27.89 0.5 B 100 .~

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) Amino Aromatic Reactant -

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 amino aromatic
selected from the group consisting of (a) N-arylphenylenediamine,

(b) amihocarbazoie, (c) amiﬁ&inda*zoiinone, (d) aminomercaptotriazole,

(e) aminoperimidine; and (f) aryloxyphenylene amine.
Preferred amino aromatic compounds are described as follows:

(a)  an N-arylphenylenediamine represented by the fo'rmuia:

Y

in which Rig is H, —NHaryl, -NHalkaryl, or a branched or straight chain

H
RA}S'——AW[-W“N

radical having from about 4 to about 24 carbon atoms that can be alkyi,
alkeny!, alkoxyl, aralkyl or alkary!; Ryg is —~NH;, —(NH(CHaz)--q)--m NH;, -
-NHatkyl, -~-NHaralkyl, —CHz —-aryl—-NH,, in which n and m each have a
value from about 1 to about 10; and Ry is hydrogen, alkyl, alkenyl,
éikoxyl, aralkyl, or alkaryl, having from about 4 to about 24 carbon
_ atoms. Particularly prefefred N—aryibheny-lenediammes are N-

phenylphenylenediamines (NPPDA), for exampie, '
N-phenyl-1,4-phenylenediamine, N-phenyl-1 ,3—phenyienediamine, and

N-phenyl-1,2-phenylenediamine and N--naphthyl—ﬁ,
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none none NV A PEO DA 400 g/nol 17.13 0.5 C.75 none
none NVA PEQ DA 1100 g/nol 29.62 0.5 60 none none
N A PEO DA 2000 g/ nol 39.49 0.5 P

4-phenylenediamine. Other polyamines of NPPDA may also be

included, such as N-aminopropyl-N' -phenylphenylenediamine.

(b) aminocarbazole represented by the formula:

5
in which Ry and Ra, each indeperidently represent hydrogen or an
alkyl or alkenyl radical having from about 1 to about 14 carbon atoms,
10
{c) an amino-indazolinone represented by the formula;
- 15 in which R is hydrogen or an alkyt radical having from about 1 to

about 14 carbon atoms; and
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10

15

PEO DA: Pol yet hyl ene oxi de diamne 5 Exanpfe 10
Pol yPI BSA Preparation with Post Treatnent St ep

'(Cbpolyner (iii)) 52,178 grans of high

met hyl vi nyl i dene pol yi sobutyl ene havi ng a nunber 10
aver age nol ecul ar wei ght (1Vvin) of about 2300 and a
nmet hyl vi nyl i dene content of about 78% (which is
@yai | abbmidonoecBpBFiaslcQdassspied b23|®®§0fméa char ged
to a 30-gallon reactor equipped wth agitator,
tenperature controller “and over head condenser and
recei ver. 14,267 grans of tipy| vi nyl i dene
pol yi sobut yl ene having a
wei ght 15 (Me) of about 00 and|la met hyl vi nyl i dene
content of about 82% ifch is amMail abl e from BASF as
A issopal 0 1000) was charged to tlhe reactor and the
agitated m xture was heat ng%g,iﬁbc. Thi s produced a
66, 445 gram bl end of high hyl vi nyl i dene

pol yi sobut yl ene havi ng a nynber average nol ecul ar

wei ght of about 1800. Tracks of npisture were renoved
by sparging 20 6.7 sL/mn nitrogen through the

m xture at 150C for about an hour. After drying, the
nitrogen was fed to the reactor head space at a rate

f 500 scnB/ m nseact or |c anhydri de

d 499 3PFARREGT W@Ir?g@s&ngefﬂ‘r%ﬁ&zfroﬁlh e were fed to
the reactor simultaneously over 2 hours. After the
mal ei ¢ anhydri de and dicun¥1 per oxi de chargi ng were
u

finished, the 25 tenperatufie?of the reactor was
mai nt ai ned at 150C for i;%%gi: 1.5 hours. The

resul ting pol yPI BSA was th post-treated by heating
from 150C t o about 232 en "Nee tenperature reached
about 170C, 66.7 grans jof sulfgnic acid (derived from
a sul fonation of a n1xture of gl kyl benzenes) was

g, wWas conti nued

grans of nal ei ¢ anhy A o the reactor over
about 1 hour. The presstife control was set to hold at
10.3 psig. The reactor 5 tenperature was held at

about 232C and 10.3 psig for 2 hours. The reaction

pr odugi whith RQobeestoisdyideogsr at an eﬂ@bﬁaﬁwaﬂ@a@n@rfépm about
then diluted with 46,200 g of 100 Neutral oi

Thi s yile1aheyt %sa%bom%‘)%‘@aaggrm of oil-diluted

pol yPI BSA. Smal| anobunts of sedinment were renoved

using a pressure filter and di atomaceous earth such

49 Celdrtaglosjpheny@rEaaint cefresemedfyrtheifomigs: O |

Sol ubl e Lubricating G| Additive 100 granms of pol ynmer
prepared according to Exanple 10 were charged to a

REG.

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

atkenyl, alkoxyl, aralkyl or alkaryl; st is —~NH,, —(NH({CH2)--n}-—m NHz, -
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15 reactor under a nitrogen purge and heated to a
tenmperature of 140C. The charged pol yner was. put
under a vacuum for 45-60 nminutes. In the sane
reactor, 66.4 grans of diluent oil 'was charged. In
the same reactor, 1.79 grans of

N- phenyphenyl enedi arni ne (N- PPDA) was charged under a
ni t r ogealiyk ge--Netarglkgr Bmwhish mad pr el kausox valge from

di am n P A vin 0. an r oXi, oAt .
aver a&go%rgc%?%tq@e?ﬁ%ébpq}?’ﬁg&d}’ r?t’:)l{{’i a&kﬁ%ﬁ%ﬁﬁﬁ Xyl aralkyl
char gedalkant v Romeauos toadent 24 BhibbagROMBUAgairticularly
The reactor is heated to 150C under a nityrogen purge.
The r esfesrd pey/purhandereamipgds drPienoxyasiingurs to
renove water. The charge nole ratio of NNPPDA to
anhydri de was 0.23. The charge nole ratio of PEO DA
Methot vl Mattengvias L @bB8atirRBOFéldddive ritprbesiy@ner al
procedure of Exanple 11, Exanples 12-14 and
Conparative Exanples GH were carried out and are

R 3 i - . oS
B R R L B o bR e
chamingithe lean@nt cepilyrecEleagpbtleRst gnepf @nobyecisy)). (i) and

gg])n 5 g H%:s%ﬁfeﬁé%ﬁnegg Béa %ac'r&{%e Réﬁ%n a% n'%@r genit%ogkénnhgtgrﬁta-g Snd

heating at a temperature of from about 80°C to about 170°C. Optionalily,

diluent oil may be charged optionally under a nitrogen purge in the same
reactor, thereby producing a diluted copolymer reactant. The amount of
diluent oil in the diluted copolymer is up to about 80 weight %, more preferred
from about 20 o about 60 weight %, and most preferred from about 30 to
about 50 wei'g-ht %. Both an amino aromatic amine and an ether polyamine,
polyetheramine, polyetheramine derivative and/or polyether polyol are
charged, optionally tinder a nifrogen purge, to the reactor. This mixture is
heated under a nitrogen purge fo 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 {o remove excess waler.

The lubricating ol additive composition can also be made using a process
comprising simultaneously charging all the reactants {reactant copolymer (i),
(i), or {iii}; the amino-aromatic amine; and the ether compound which consists
of at least one of a polyether polyamine, polyether amino alcohol,

polyetheramino thiol, ether polyamine and polyether polyol) at the desired

_ratios into the reactor. One or more of the reactants can be charged at an |

elevated temperature to facilitate mixing and reaction. A static mixer can be.
used to facilitate mixing of the reactants as they are being charged to the

reactor. The reaction is carried out for about 0.5 to about 2 hours at a

temperature from about 130°C to about 200°C. Optionally a vacuum is applied

to the reaction mixture during the reaction period.
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Charge (9) CVR Anmine 2 Anhydri Content 11 100 NPPDA
1.79 0.23 PRO DA 4000 g/ nol 64.6 0.38 12 75 NPPDA
1.29 0.22 PTMO DA 1000 g/ nol 12.5 0.39 13 75/ NPPDA
1.29

Preferably, the ratio of polyetheramine, polyetheramine derivative and/or
polyetherpolyol to monoethylenically unsaturated Cs-Cos monocarboxylic acid
or ester or C4-Cps dicarboxylic acid, anhydride or ester is 0.45 to 0.05; more
preférred, the ratio is 0.40 to 0.1: even more preferred, the ratio is 0.35 to

0.20; most preferred, the ratio is 0.33.

Preferably, the ratio of amino aromatic compound to monoethylenically
unsaturated C+.Cas monocarboxylic acid or ester thereof, or C4-Cog
dicarboxylic acid, anhydride or ester is 0.95 to 0.10; more preferred, the ratio
is 0.40 to 0.20; even more preferred, the ratio is 0.35 to 0.25; most preferred,

the ratio is 0.33.

In one embodiment of the invention, the non-free radical catalyzed reaction
product of compound (i}(a) and compound (i)(b) or (i){c), which is contacted
with either copolymer (i) or copoi’ymer'(ii) or both, m-ay be contacted in the

presence of component (C) (i.e. the aromatic amine) prior to the addition of

component (B} {i.e. the ether compound).

Lubricating Oil Composition

The lubricating oil additive composition described above is generally added to -
4 base oil that is sufficient to lubricate moving parts, for exanﬁpie internal
combustion engines, gears, and transmissions. Typically, the lubricating oil
composition of the present invention comprises a major amount of an oil of
lubricating viscosity and a minor amount of the lubricating oil additive

composition.

The base oil employed may be any of a wide variety of oils of jubricating
viscosity. The base oil of lubricating viscosity used in such compositions may
be mineral oils or synthetic oils. A base oil having a viscosity of at least

2.5 ¢St at 40°C and a pour point below 20°C, preferably at or below 0°C, is
desirable. The base oils may be derived from synthetic or natural sources.
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0.22 PEO DA 1000 gfrriol 12.5 0_39 14 100 NPPDA 1.79
0. 23 PPO 0A400 g/ not 6.46 0.38 NPPDA:

N- phenyl phenyl enedi am ne 5 PEO DA: Pol yet hylene oxi de
di ami ne PRO DA: Pol ypropyl ene oxi de di am ne PTMO DA:
Pol yt et ranet hyl eneoxi de di am ne Tabl e 3A

Post -treated Pol yPlI BSA pol yner reacted with

poihgrakgid foy ueaas the Braapilén Po$ inventi@himchele( B exaimpe,1

ggpa?ﬁnic, naphthenic and other oils that are ordinarily used in lubricating oil
compositions. Synthetic oils include, for exampie,- both hydrocarbon synthetie
oits and synthetic esters and mixtures thereof having the desired vis-cosity.
Hydrocarbon synthetic oils may include, for example, oils prepared from the
polymerization of ethylene, polyalphaolefin or PAQ ails, 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 liguid polymers of alpha olefins having the proper viscosity. Especially
useful are the hyd'rogen'ate'd- liquid oligomers of Cs to Cy alpha olefins such as
1-decene trimer. -Likewise‘, alkyl benzénes of proper viscosity, such as
didodecy!l benzene, can be used. Useful synthetic esters include the esters of
monocatboxylic acids and polycarboxylic acids; as well as mono-hydroxy
atkanols and polyols. Typical examples are didodecyl adipate, pentaerythrito}
tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like. Complex
esters prepared from mixtures. of mono and dica_rboxy’lic_ 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 o, a refined naphthenic
base oil, or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating

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

Method of Use of the Present Invention

The lubricating oil additive composition of the present invention is added to an
oit of lubricating viscosity thereby producing a Iubricéting oil composition. The
tubricating oif composition contacts the engine, improving dispersancy.
Accordingly, the present invention is also directed to a method of improving
dispersancy in an internal combustion engine which comprises operating the

engine with the lubricating oil composition of the invention.
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Amine 1 Charge (g) CMR Amine 1 Anhydride Content

Am ne 2 Type.Am ne 2 Charge (9) CMR Ami ne 2 Anhydride
Content G 105 none none N A PEO DA 1100 g/ nol 3206.
0.5

Optionally, the lubricating oil additive composition described above may be
used as a fuel additive. When used in fuels, the proper concentration of the
additive that is necessary to achieve the desired detergency is dependent
upoh a variety of factors including the type of fue! used, the presence of cther
detergents or dispersanis or other additivé-s, etc. Generally, however, the
range of concentration of the additive in the base fuel is 10 to 10,000 weight

parts per million, preferably from 30 to 5,000 parts per millicn of the additive.

" If other delergents 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 soiveht boiling in the range of about 150-400°F
(65.6-204.4°C). Preferred solvents boil in the gasoline or diesel fuel range.
Preferably, an aliphatic or an aromatic hydrocarbon solvent is used, such as a
benzene; toluene, xylene or higher-boiling aromatics or aromatic thinners.
Aliphatic alcohols of about 3 to 8 carbon atoms, such as isopropanol,
isobutylcarbinol, n-butanol and the like in combination with hydrocarbon
solvents are also suitable for use with the fuel additive. In the fuel

concentrate, the amount of the additive will be ordinarily at least 5 percent by
weight and generally not exceed 70 percent by weight, preferably from 5 to 504

and more preferably from 10 to 25 weight percent.

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

fhe invention.
EXAMPLES

Example 1
Preparation of Terpolymer (Copolymer (i)}

2513 grams of high methylvinylidene polyisobutylene having a number
average molecular weight (Mn) ot about 2300 and a methylvinylidene content
of about 78% (which is available from BASF as Glissopal® 2300) was
charged to a 4-L reactor equipped with agitator, temperature controller and
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85 none none N A PEO DA 2000 g/not 41,46 0.5 PEO DA
Pol yet hyl ene. oxi de di am ne Exanple 15 15Preparation
of Pol yPI | 3SA (Copol yner (ii)) 4005 grans of’ hi gh

met hyl vi nyl i dene pol yi sobut ene havi ng a nunber

aver age nol ecul ar wei ght (Ma) of about 1000 and a
nmet hyl vi nyl i dene content of about 76% (which is
wenmsdiaidepsar and abtaiver 3h3Eremahhdexsdkepinwas axo

TeRERO g CRehr R BBt Puftyl CRGh MepRffte Ko, Traces

E8Roigfreer@iahevanby @Eb@ngaaac)&émmn@rmsgm thtbaghnte

peroxide were fed to the reactor, The tenperature of

DT SRt Aad k] Altel RNtk iha BBedeswas [PHEURe dReer
i i ad..di ¢ | i : r

10, PRl 13 B8 SO, P qraRisafie A0 reg iR
h4 gvans diquenyl perafidaboatoY% Solution withf tbbrenehwerle fad
/acuum was applied to reduce th r re.to [
STBNoRlT S B R HEERG OV S BRIt hG st tc prgyBidd and
JERbHierBRs ARalig Ao HALKET, BESIIITalAS pPRieadton was
maint@asedt 1 90°%4hinremothenrds hoors Thedephtorprasdigatedds 190°C.

hen filtered t rovide. .t he neat product. | e .16
b it Tof FasP i roni B A 3 AR,
TPridh PEBWREn PR RSB pOAF 81t Ackedeashd @180 @piRe 15

were charged to a reactor under a nitrogen purge and

nemesaturcwas heltber 50 Ceatst hEADICSSTTRwaR Reltel HOMimB for
S t . under v r - ]

BRI WElon 3 S S et B bl e T fr R

ddifed an® angsd tod 2693.geémgraiedpolymer (i) was obtained.

N- phenyphenyl enedi ami ne (N-PPDA) was charged under a

nitrogen purge. 12.3 grans of pol ypropyl eneoxi de

di am ne (PPO DA, having a}.appe&exi mate nunber average °

nol ecul ar wei ght of 400) §s7sl'oW y charged to the

sanmeTepabtircer ngaratoomvith &geh Tpeatgent Bhep (eaptynends)
heated to 150C

67,584 grams of high methylvinylidene polyisobutylene having a number
average molecular weight (M.} of about 2380 and a methyivinylidene content
of about 78% (which is available from BASF as Giissopal® 2300) was
charged to a 30-gallon reactor equipped with agitator, temperature controller
and overhead condenser and receiver. 733 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 6.7 sL/min nitrogen through the

mixture for about an hour. After drying, the nitrogen was fed to the reactor

“head space at a rate of 500 scm/min. 4802 grams maleic anhydride and

441 grams of melted dicumyl peroxide were fed simultaneously to the reactor

over 2 hours. After the mateic anhydride and dicumy! peroxide charging were
finished, the temperature of the reactor was maintained at 150°C for anpther

" 1.5 hours. The resulting terpolymer was then post-treated by heating from

150°C 1o about 232°C. When the temperature reached about 170°C,
68.3 grams of sulfonic acid (derived from a sulfonation of a mixture of alkyl
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15 under a nitrogen purge_ The reactor was put under
a vacuum for, 1.5 hours to renoves excess water. The
charge nole ratio of N-PPDA to anhydride was’ 0. 23.

The charge nole ratio of PEO DA to anhydride was

0. 38. Fol |l owi ng the general procedure of Exanple
16, Exanples 17 and 18 were 20 carried out and are
l&érﬁa@n@g)”mas bﬁ@@eﬂﬁo’fﬁ@k@mr é'labheat#ig Was cohtimatcdntil the

e
DAL NG EUR YLop S gt s

AhbydThderémwre gonitél was set to hold at 10.3 psig. The reactor

temperature was held at about 232°C and 10.3 psig for 2 hours. |

The reaction product was cooled to a temperature below 190°C and then

diluted with 46,600 grams of 100 Neutral oil. This yielded about

119,500 grams of oil-diluted copolymer (iii). Small amounts of sediment were

removed using a pressure filter and diatomaceous earth such as Celite® 512.

Example 3
Preparation of Oil Soluble Lubricating Oil Additive

300 grams of polymer prepared according to Example 2 were charged to a

7 reactor under a nitrogen purge and heated to a temperature of 140°C. The

charged polymer was put under a vacuum for 45-60 minutes. In the same
reactor, 22.5 grams of diluent oil was charged. In the same reactor,

17.72 grams of N-phenyphenylenediamine (N-PPDA) was chargad under a
nitrogen purge. 4.76 grams of polypropyleneoxide diamine (PPQ DA, having
an approximate number average molecular weight of 400) was slowly charged
to the same reactor under a nitrogen purge. The reactor is heated to 150°C
under a nitrogen purge. The reactor is put under a vacuum for 1.5 hours to
remove water. The charge mole ratio of N-PPDA to anhydride was 0.8. The

charge mole ratio of PPO DA to anhydride was 0.10.

Following the general procedure of Example 3, Examples 4-7 and
Comparative Examples E-F were carried out and are also summarized in
Table 1 and Table 1A

Table 1. Post Treated Terpoiymer reacted with NPPDA or 4-PA and
po!yoxyalkyiene diamine

Palymer . Amine 1 Amine 2

CMR . CMR

Example

Charge
(9)

Amine 1
Type

Charge
(9}

Amine 1
Anhydride
Content

Amine 2 Type

Charge
(@)

Amine 2
Anhydride
Content
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75 NPPDA 3.40 0.23 PPO DA 400 g/nol 12.3 0.38 17 75
75 NPPDA NPPDA 11.79 11.05 0.80 0.75 PEO DA-2000
g/ mor PPO DA/ 2000 g/ nol 16.0 20.0 0.10 0.125'18

300 NPPDA 17.72 | 080 PPO DA 400 g/mol _. 4.76 0.10

3

4 300 NPPDA 8.84 0.40 PPO DA 400 g/mol 14.4 0.30

5 75 NPPDA 1.29 0.23 PTMO DA 1000 11.5 0.38
- g/mol

B 100 | NPPDA 1.70 0.23 PEQ DA 2080 g/mol 30.8 0.38

7 100 4-PA | 4.0 0.55 "PPO DA 4000 g/mol 36.0 0.23

" NPPDA: N-phenylphenylenediamine
PPO DA:  Polypropylene oxide diamine
PEO DA: Polyethylene oxide diamine
PTMO DA: Polytetramethyleneoxide diamine
5 4-PA: 4-phenoxyaniline

Table 1A: Comparative Examples: Post Treated Terpolymer reacted with
_ poiyoxya!ky!en_e diamine

. . CMR . - CMR
Example iqggr%:r Amme. L }g:g‘rz; Amme_-1 Amine 2 Type %T}l;rzs Amin'e.Z :
: - Type : Anhydride = Abnhydride
(9) @ | content @ | content
E 100 | none Nane N/A PEO DA 1100 g/mol | 28.40 0.5
F 80 none None N/A PEO DA 2000 g/mol {  37.87 0.5

10 NPPDA: N-phenylphenylenediamine
PPO DA: Polypropylene oxide diamine
PEO DA Polyethylene oxide diamine

15 : Example 8
Preparation of Oil Soluble Lubricating Olf Additive

88 grams of polymer prepared according to Example 1 were charged toa
reactor under a hi-trogen purge and heated to a temperature of 140°C. The
20  charged polymer was put under a vacuum for 45-60 minutes. In the éame
reactor, 72.46 grams of diluent oil was charged. in the samé reactor,
2 .46 grams of N-phenyphenylenediamine (N-PPDA) was charged under a
nitrogen purge. 26.04 grams of polyethyleneoxide diamine (PEO DA, naving
an approximate number average molecular weight of 1000) was slowly
25  charged to the same reactor under a nitrogen purge. The reactor is heated to
150°C under a-hitrogen purge. The reactor is put undera vacuum for
1.5 hours to femoves excess water. The charge mole ratio of N-PPDA 1o

anhydride was 0.23: The charge mole ratio of PEO DA to anhydnide was 0.39.
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NPPDA: N-phenyl phenyl enedi am ne 25 PEO DA
Pol yet hyl enie. oxi de di ami ne PPO DA: Pol ypropyl ene

oxi de di am ne Exanpl es A-H are conparative exanpl es,
whi ch are conpared to Exanples 3-9, 11-14 and 16-18

of the present invention. The conparative 30 exanples

were prepared by reacting one of the copolyners

ﬂ@u H? Eenéﬁﬁ pRICRIAR of RYSApIcos Mitdikpia 9 and Comparatwe
al Kyl ene di am ne and w thout an aromatic -

Exannuinsné -D Whee prioied st end@sapisasin@apzedp] b

tablg ?a%d B

T%ﬁr ted haze, when dissolved in a lubricating oil,
%Hi s considered an undesirable quality in a
di spersant. The renai ni ng Conpar ative Exanmples CH

AaebRai BerEl i and

formed an insol ubl e t%
5  Tabler 2:ckarpalymsr (no fAs fﬁat@e&

5undepblyasyalkyiens Hiapmin a@g&sner sant. By conparison .
Exa 8-9, 1l-aldnend 19¥1R8 itn which the copghiyaer .
Examp‘!l‘@ 'HBrgﬁér etRe f h dotde B .'|";_I§.SX) al keme divasmi h¢ @mdgan Ailr?\}ré?‘;ge _
ar )na&ﬁc ar €, lexhy)bit gméwfle haze and .di ¢ nég) Content
s:”r[,"% gel wppns |- SRH trndoRs dugd ol it SRR Of 039
g sV EREROA [ tbhEST M FECBA 50l haIOT T Callg ™~ 033

€0 € aration of LOW’NDIeCUIar

ULy 4'?‘U Pre
Ay e Sl e

nunber average nol ecul ar wei ght (M) of about 350 and

Copol ynmer ( Copol yner
(ii)) 15 3004.7 grans of polyisobutyl ene having a

a net hyl vinyli dene content of about 78% (which is
avai |l abl e from Texas Petrol eum Conpany as TPC-535)
was charged to a 101 reactor equi pped with agitator,

‘tenperature controller, and

over head
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20 condenser and receiver. Traces of noisture were
renoved by heating to 153C under nitrogen for about
45 mnutes. 715 granms nal eic anhydride and "27. 86
grans di cunyl peroxide in a 50% sol ution with xylene
were fed sinultaneously to the reactor over 297

m nutes. After the maleic anhydride and di cunyl
Tpble@A deoraparagive §xaaplds: Mespregmet (o pesigeraitent reaicted
the reactor 25 was. mai ntai ned at 153C for another 30
WD RepExy2iRIENE SIRPBE was heated to a tenperature of

E""”“‘Bvﬁul (ﬁ Nt aymi ng ?{)86 eNpedrat Ur

ao ut T90C T Or—approXi et @ik T jtour af ter \M’]I%{] EN S
aqyiias Aapeli B 'PE') reduas 1 he p r§§§gge to Amine 2

Sxi ma Zr%/e Anhydride
194C e reactor s helC@nignider vacuum pr essiu

Aabdut 99 _hbunowet Hoeme 1he WAaact (FFEQPASER O T Y

Bindref¥ed] 3001 ahbewat [coiit i orREARA 4Phemel dduidtidwas 0.5

Cfillteded tofiifov| deorehd hd¥f pridthis A 1100 ghpol m2§65n 0.5

Dgqi2 é@g H'Wnn yRREE _pr. Hﬂﬁgd_dggbﬂﬁﬁﬂ%ﬂﬁ@@gxéWﬁﬁn 0.5

f on Conient
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PE® D%Pgly@ﬂaﬂ%n%@gé%ﬂiammand 17.39 grans

N- phenyl enephenyl endi am ne were charged to a 1000 nL
gl ass reactor. A nitrogen sweep was introduced to the
reactor. The reactor was heated from a tenperature of

19C to a tenperature of _160C and the contents were
stirred. To the reactor—ﬁ!@!@;%—gEx Iy 1er ans  PI BSA (based on
pol ys ﬁbl Bripyhingh ﬁﬁmﬁ‘h@é{ﬁaﬁeﬁggtéﬁ){@fﬁ&ﬁﬁer (ifi))

¢
wei ght” o 300 and rra\ge 10 according to the process
descri bed |n U.S. Patent No. 6, 156, 850) was charged

5%&7%2%;‘{}‘%& Jggkmazgly&he g ﬁ%%t ol %Ajtg’lggg rh%gﬁvgoat number

a@@r@@@&ha@&@anwm (M}()ecﬁf&ﬂﬁ)uETQBeg whara ietigiNingide®8ontent
be purchased from Hunt sman Coﬁgor ation,

omtmtaﬁ% wvsé is peaiahlp rae BAabesahksopet® gavpegas
%g%ﬁ th 6530- géio‘&ar%tég@r%% 'W“B‘P‘ aé@tﬁt& ttE:% GicPlontrolier

I SCosI e res I on p uct was

' aﬁ&@w@rh@%ﬁ c&tndéﬁé@ ar{%bddcewenmzt heé7 genas af a[hngh:edur e of

nmpl e. 20, Exanpl es 21-22 were c%rrled out F‘
RGP e R RO YIS HE 6 Vit BUSDeprPdeaniecuBr weight

'@Q%ﬁ"’%"ﬁ’q g@ggh& %ﬁﬁefk@ﬁ@rﬁge% tc'&nMDn'f’ @P‘aﬁ&ﬁ’t @%"{‘Wh%h is
apaiabde from BASF as Gl:ssopai@ 1000) was Charged to the reactor and the
agitated mixture was heated to 150°C. This produced a 66,445 gram blend of
high methylvinylid.eﬁe polyisobutylene having a number average molecular
Weight of about 1800. Traces of moisture were removed by sparging

6.7 sL/min nitrogen through the mixiure at 150°C for about an hour. After
drying, the nitrogen was fed to the reactor head space at a rate of

500 scm’/min.reactor. 5426 grams maleic anhydride and 499 grams of melied
dicumyl peroxide were fed to the reactor simultaneously 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 resulting polyPIBSA was then posthireated by heating from 150°C to
about 232°C. When the temperature reached about 170°C, 66.7 grams of

sulfonic acid (derived from a sulfonation of a mixture of alkyl benzenes} was
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Charge (9) CVR Anmine 1 Anhydride Content Amne 2
Type Amine 2 Charge (9) CVR Anmine 2 ~de
Anhydri Content @100 C ViscositycSt 20 84.2 NPPDA
17.39 PEO DA 600 g/ nol TEGD 57.36 22.17

charged to the reactor and heating was continued untit the reactor

- temperature reached about 232°C. Immediately after charging the suifonlc

acid, 3617 grams of maleic anhydride was fed to the reactor over about

1 hour. The pressure control was set to hold at 10.3 psig. The reactor
temperature was held at about 232°C and 10.3 psig. fdr 2 hours.

The reaction product was cooled to a temperature below 190°C and then
dituted with 46,200 grams of 100 Neutral oil.. This yielded about

118,400 grams of oil-diluted polyPIBSA. Small amounts of sediment were

removed using a pressure filter and diatomaceous earth such as Celite® 512.

Example 11
Preparation of Oit Soluble Lubricating Ol Additive

100 grams of polymer prepared according to Example 10 were charged o a

reactor under a nitrogen purge and heated to a temperature of 140°C. The

charged polymer was put under a vacuum for 45-60 minutes. In the same

reactor, 66.4 grams of diluent oil was charged. In the same reactor,

1.79 grams of N-phienyphenylenediamine (N-PPDA) was charged under a
nitrogen purge. 64.6 grams of polypropyleneoxide diamine (PPO DA, having
an approximate number average molecutar weight of 4000 g/mol) was slowly
charged to the same reactor under a nitrogen purge. The reactor is heated to
150°C under a nitrogen purge. The reactor is put under a vacuum for

1.5 hours t6 remove water. The charge mole ratio of N-PPDA to anhydride

was 0.23. The charge moie ratio of PEQ DA to anhydride was 0.38.
Following the general procedure of Example 11, Examples 12-14 and

Comparative Examples G-H were carried outand are also summarized in-

Table 3 and Table 3A.
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259.3 164.2 21 126.3 NPPDA 10.9

22 156_4 NPPDA

12. 42 TEGD-25.34 124.7 NPPDA:
N- phenyl phenyl enedi ani ne PEO DA: pol yoxyet hy1 ene

diam ne 25 TEGD: tri et hyl ene gl ycol

di ar ni ne

Table 3: Post-treated PolyPIBSA polymer reacted with NPPDA and

polyoxyalkylene diamine
‘ ' . CMR . CMR
Polymer . Amine 1 - Amine 2 .
Amine 1 Aming 1 - : - Amine 2
Example Ch(ar}ge Type Ch(a;ge Anhydride rAmme 2 Type Ch(a;g_e Anhydride
9 9 Content 9 Content
11 100 NPPDA 1.79 0.23 PPO DA 4000 g/mol 64.6 0.38
12 75 NPPDA 1.29 0.22 PTMO DA 1000 g/mol 12.5 .39
13 75 NPPDA 1.29 _0.22 PEQO DA 1000 g/mol 12.5 0.39
14 - 100 NPPDA 1.78 0.23 PPO DA 400 g/mol 6.46 0.38
NPPDA: N-phenylphenylenediamine
5 PEO DA: Polyethylene oxide diamine
PPO DA: Polypropylene oxide diamine
PTMO DA: Pontetramethyleneoxide diamine
Table 3A: Post-treated PolyPIBSA polymer reacted with polyoxyalkylene
10 diamine
. CMR : CMR
Example %Oh[grzr Amine 1 %?gre; Amine 1 - Amine 2 Type %rg:;e: Amine 2
p g Type 9¢ | Anhydride P ( 9¢ | Anhydride
() _ ) Content 9) Content
G 105 none nene N/A PEO DA 1100 g/mol | 32.06 0.5
H _ 85 none none _N/A PEO DA 2000 g/mol 41.46 0.5
PEQO DA: Polyethylene oxide diamine ‘
Example 15
15 Preparation of PolyPIBSA (Copolymer (if))
4005 grams of high methyivinylidene polyisobutene having a number average
molecular weight (M) of about 1000 and a met-hy!vinylidene content of about
76% (which is commercially available from BASF and is known as
20 Glissopal 1000} was charged to a reactor and the-reactor was heated o a
temperature of about 150°C. 589 grams maleic anhydride and 54.14 grams of
dicumyl! peroxide were fed to the reactor, The temperature of the reactor was
maintained at 150°C for 1.0 hour after the maleic anhydride and dicumyl
peroxide are charged to the reactor. The reactor was heated to about 200°C
25  over a period of about 1.0 hour, after which a vacuum was applied to reduce

the pressure to 0 psia whiie maintaining the temperature at 200°C. The

reactor was held under vacuum pressure for about 1.5 hours at 200°C. The
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Exanpl e 23 Exanples 5, 11 and 20, which-
the |ubricating oi
present invention,
vi scosity 5increase using a soot thickening
test,
to di sperse and contr ol

addi tive conposition of

Usi n he soot thickening bench test,
wete "Qg"f‘ fﬁﬁ%fﬁdéPIP“P‘éd‘?ré%Fs [}?gb
oi |
bl ack,

supplied by 10 Col unbi a Chemi cal Ca,

exenmplify
t he
were eval uated for percent

bench

whi ch neasures the ability of the fornul ation
viscosity increase resulting
rda00on priees@wedidd ienaficreasbd o bidddnt cnditionhs sundribgatreduct
_ the viscosity
PiodUEent i st okes. The fresh
is then treated with 10 wt % Raven 1040 carbon

to forma

m xture containi ng appr &xiamsplel’p 5 grans Raven 1040

car bon bl
test oil,

60- 75 seconds to thoroughly

m nut es. \Y e oll al nin

chhageld peymeesus di asder slivaguira forthedsninbats. & thensdhe
The percent viécosity i ncrease i S

. at'ed' gt o6 ™ WP AGE PBMRIFACIA, |
S S e T A R e s

niticgeositge of2.8 gesths aif polygiropy e heoddm tiantine KBRChGA, having

 aubel L ougBLrE Bk e TBULHER

known in the art. T
reagten 68t earamcerdiiuggt pY WaseCiB0

bench tes

ADHPEPIFR

Tr Ao TEoRHEE R ST B ™

honogeni zed using a high speed tissue honogeni zer for
~m x the carbon black with
7bgsamsed pobimer pragaiedsagadriigdtte Sxapinie daveipminggged fo a

SRR b5 B SR RRRE £ A REART e of

car bon

Q40°C. The

) | l?tc%%rged:

to e Sdtle 202418 and@rdmikRded Mirhe VB RoRBANRSS heatad to 150°C

fornmul ated oil

t hat does not contain the |ubricating

uoier addragenepwaepbis feasioovas et préeiehvatiire i@ ba.hours 1o

TP e pIEf O i

corrosi o

Ol T it Eifargd ehokd raxid el EOnDArbidnhydnidpaakayed. 0.2 w %
02 W % pour 30 point depressant,

friction nodifier,

3.9 mt % of a cal cium based det ergent package

IH0G, -2 phenal t ' o
ST APATE PaOLT SHfeTo! ki shai e
carmhidopitamd aedi€o Sumbtanadesicosliabje index i nprover.

bl ended additive package was added to a m xture of

basest ocks whi ch consists of 67.0

% 9.0
T B TS oY AR S Ao FSEhBHORICP PAH  of

Cor poration,

whi_ch pelpxpalkygare fanaemet r om ExxonMbhi |

oi |

Thi s

Failrf M 1 gi ni @)ahfeRr pvi @8Rt he conparative i Amine 2 CMR
aw@@ﬁ@ﬁggmﬁm%1m@m%@th@W%gmnammWMMHwaﬂn@me ,ﬁxﬁé
oi I| cagposj tI'8f of the pf Eﬁ@aﬁnvention, S Content
6 APREOX IRt Bl 4~ W 4 0 TG 8 Ad Bowe e RaS It ToI 1™ 038
17 OT [ EXBAPTeS EppA - AT 2P W30t OR pELEH ffto Yhdi T 16.0 0.10
18 | OfMUT €U (EFHAT T S5O d HE TEPBOIGA oo 5ol 3090%0.0 0.125

25

30

NP G Bl RAPRIRIESS i s UMTar TZed T Tabl
PEO DA: Polyethylene oxide diamine
PPO DA: Polypropylene oxide diamine

Examples A-H are comparative examples, which are compared to

Examples 3-9, 11-14 and 16-18 of the pfesent invention. The comparative

examples were prepared by reacting one of the copolymers employed in the

present invention with a polyoxyalkylene diamine and without an aromatic
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Exanpl e % Vi scosity Increase Sanple Description 57.5
Post Treated- Terpolyrner reacted with NPPDA and

pol yoxyal kyl ene di amme 11 283. 4 Post-treated’

Pol yPI BSA pol yner reacted wi th NPPDA and

pol yoxyal kyl ene di arnine 20 44.0 PI B/ Mal ei ¢ Anhydri de
Copol yner reacted wth NPPDA and pol.yoxyal kyl ene

ahiari Mbe Googhant iof CompB50cOEXamplas A aodd exhibiebhazy, when

divapREin Rharina el e 9 Suilo e fitsigpie uatty ina

didpakani Techenaihit® SomPibert Exhihplest ©84 RRfe@n insoluble

viscosity increase using the lubricating oil additive

gﬁﬁn@@@i disenivest intg lubpicatieg oil wWiiehts alsoedsideird 28 han

t ent. .V Scosity dncrease in a fornul ated oi

%F%?R%%%gﬁﬁﬁﬁ’@é%@ﬁ?éﬁﬁﬂfhe lubricating oil additive

conmposi tion of the present invention, which was too

Vi scous to neasure since the test enployed onl

BieeeupagsyeFeamplas S8odi 1l 3t/ %—a§énw’¥%g@5@'¥w'¥rﬁ%wa$

r[eSé{‘ed'\Mﬂ{ B&ﬁne{p{aﬁéhbéu@né YohigebhA%CAbnRERidhME, exhibited
Ion o e present 1 nvention has good

liles hers ant dint opieivtrh esgel 20Ex aepifen@grodletspd] therexamples of

Preparation 71 277 gra f  high nmet hyl.vinyl i dene
"B@I"g‘f%@ﬂtﬂfﬁéﬁg‘bﬁf’am %‘n’ggﬁﬁﬁﬁﬁgg%%'ﬁﬁ w'rmlyecul ar
wei ght (M) of about 2300 and a nethyl vi nyl i dene
cont ent

Example 19
Preparation of Low Molecular \Neight PiB/Maleic
Anhydride Copolymer (Copolymer (ii))

3004.7 grahn.s of polyisohutylene having a number average molecular weight
(My,) of about 350 and a methylvinylidene content of about 78% (which is
available from Texas Petroleurn Company as TPC-535) was charged to a
10-L reactor equippéd with agitator, temperature controller, and overhead
condenser and receiver. Traces of moisture were removed by heating to
153°C under nitrogen for about 45 minutes. 715 grams maleic anhydride and
27.86 grams dicumnyl peroxide in a 50% solution with xylene were ted
simultaneously to the reactor over 297 minutes. After the maleic anhydride
and dicumyl peroxide charging was finished, the temperature of the reactor
was maintained at 153°C for another 30 minutes. The reactor was héated toa
temperature of about 190°C for approximately 1 hour after which a vacuum
was applied to reduce the pressure to 0 psia while maintaining the
temperature at approximately 190°C. The reacfor was held under vacuum
pressure for about 1 hour at 190°C. The reactor pressure was then increased

to ambient conditions and the product was filtered to provide the heat product.
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was heated to 150C and the reactor pressure
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t-anyl peroxide charging were finished, the

t enperature—of the reactor was naintained at. 150C for
another 1.5 hours. The reactor was heated to¢ 165C and
the pressure was gradually | owered to 30 nm Hg. The
tenperature was held at 165C and the pressure was
held at 30 mm Hg for 1 hour. After breaking the
vacuum wi th nitrogen, tkeapmdelddt was cool ed and
3,151 I bs of 10 Terpol yner was renoved fromthe
reactor and nost of this sanple was stored in druns.
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Preparation Reaction Charges NPPDA to Anhydride CMVR
PEO DA to Anhydride OWR Vacuum Di stillation

Terpol yner (9) Additional Diluent O (9) NPPDA (g)
PEO DA (9) ' :

EHC60 oil, 9.0 wt% Exxon150N oil, and 24 wt% ExxonB0O0N oil (all of which
may be purchased from ExxonMobil Corporation, Fairfax, Virginia) to provide
the comparative oil formulation. To prepare the formulated lubricating oil
composition of the present invention, approximately 7.2 wit% of the additive
composition of Examples 5, 1 1,'and 20 was top treated to the formulated

comparison oil,
The results of the soot thickening bench test are summarized in Table 6.

Table 6: Soot Thickening Bench Test Results

Exampie % Viscosity Increase Sample Description

5 575 : Post Treated Terpolymer reacted with
' ‘ NPPDA and polyoxyatkylene diamine

11 283.4 Post-treated PolyPIBSA polymer reacted |
with NPPDA and polyoxyalkylene diarnine

20 44.0 PiB/Maleic Anhydride Copolymer reacted
“with NPPDA and polyoxyalkylene diamine

Comparison | > 350.0 {too viscose to measure} | No copolymer/NPPDA/ polysxyaikyl‘ené
: | diamine dispersant additive.

The results of the soot thickening bench test indicate that the percent viscosity
increase using the Iubfibatiﬂg oil additive composttion of the preéent invention
was lower than the percent viscosity increase in a formulated oil that does not
contain the lubricating oif additive composition of the present invention, which
was too viscous to measure since the test employed only measures percent
viscosity increase up to 350%. This test indicates that the lubricating oil

additive composition of the present invention has good dispersant properties.

Example 24
Terpolymer Preparation

71,277 grams of high methylvinylidene polyisobutylene having a number
average molecular weight (Mn) of about 2300 and a methylvinylidene content
of about 82% (which is available from BASF as Glissopal® 2300} was

charged to a 30-gallon reactor equipped with agitator, temperature controlier,
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26 Exanple 24 2025 1 634.1 55.4 288.8 0_34 0.33 Yes
27 Exanpl e 25 1286.6 1380.0 53.4 283.5 0.33 033 Yes
28 Exanpl e*24 2350.0 285.4 J

pressure controller and overhead condenser, receiver and off-gas dry ice
trap. 773 grams 1-hexadecene was also charged to the reactor, and the
agitated mixture was heated to 150°C and the reactor pressure controlier was
set for 755 mm Hg. Traces of moisture were removed by sparging 6.7 L/min
nitrogen through the mixture for about an hour. After drying, the nitfrogen was
fed to the reactor head space at'a rate of 0.5 L/min. 5,094 grams maleic
anhydride and 308 grams of di-t-amyl peroxide were fed simultaneocusly 1o the
reactor over 2 hours. After the maleic anhydride and di-t-amyl peroxide
charging were finished, the temperature of the reactor was maintained at
150°C for another 1.5 hours. At the end of the reaction period, a 234 gram
sample was taken, and then reactor was heated to 165°C. During the heating
of the reactor, the pressure was gradually lowered to 30 mm Hg when the
temperature of the reactor reached about 160°C. The temperature was held at
165°C and the pressure was held at 30 mm Hg for 1 hour during which no
condensate was collected in the receiver. A dry ice trap downstream of the
receiver collected 7 grams of condensate before the heat-up to 1685°C and
another 99 grams at the end of the vacuum distillation. After breaking the
vacuum with nitrogen and removing 326 grams of samples, the product was
cooled and a yield of 75,850 grams of copolymer (1) was cbtained. The
product was discharged to a drum containing 46,500 grams of 100 Neutral oil
to give an oil concentration of 38.0 wi% and a diluted product weight oi
122,350 grams.

Example 25
Terpolymer Preparation

A previously dried mixiure of 49,346, pou nds of high methylvinylidene
polyisobutylene having a number avérage molecular weight (Mn) of about
2300, a methylvinylidene content of about 78% {(which is available from BASFE
as Glissopal® 2300) and 121 pounds. of 1-hexadecene was charged to a
10,000-gallon reactor equipped with agitator, temperature controtler, pressure
controller and overhead condenser and receiver. An additional 537 pounds of
1-hexadecene was charged to the reactor, and the agitated mixture was
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63-2 335.1 0.33 0.33 Yes 29 Exanple 25 1488.1 1147.0
62.1 327.9 0,33 0.33 Yes 30 Exanple 25 1488 2 801. 2
61.8 328.2°0.33 0.33 No

heated to 150°C and the pressure controller set to 14.6 psia. A nitrogen
sweep to the reactor head space was used to control the pressure. 3,515
pounds of maleic anhydride and 233 pounds of di-t-amy! peroxide were fed
simultaneously to the reactor over 2 hours. After the maleic anhydride and di-
t-amyl peroxide charging were finished, the temperature of the reactor was
maintained at 150°C for another 1.5 hours. The reactor was heated to 165°C
and the pressure was gradually lowered to 30 mm Hg. The temperature was
held at 165°C and the pfessure was held at 30 mm Hg for 1 h:our. After
breaking the vacuum with nitrogen, the product was cooled and 3,151 ibs of
Terpolymer was rermoved from the reactor and most of this sample was stored
in drums. The r.emaining' product was transferred to a storage tank. The fotal

gstimated yield of Terpolymer was 53,597 pounds.

Example 26
Synthesis of Polysuccinimide from Terpolymer Containing 52.8% Oil

2025.1 grams of Terpolymer from Exarnple 24 and 634.1 grams of 100
Neutral oil were charged to a 4-L reactor equipped with agitator, temperature
controller, pressure controller and overhead condenser, receiver and off-gas
dry ice trap. Since the Terpolymer already contained 38 wt% oil, the separate
oil charge to the reactor increased the oil concentration in the Terpolymerio a-
total of 52.8 wi%. The agitated mixture was heated to 85-95°C and the reactor
head space was purged with 150 scm®/min of nitrogen. 55.4 grams of N-
phenylphenylenediamine and 288.8 grams of a polyethyleneoxide diamine
(having an approximate number average molecular weight of 913) were
charged to the reactor; The charges corresponded to 0.34 moles of N-
phenylphenylenediamine per mole of anhydride in the Terpolymer and 0.33
moles of polyethyleneoxide diamine per mole of anhydride in the Terpolymer.
The reactor pressure controller was set at 750 mm Hg with a head space
purge of 150 scm/min of nitrogen. The reactor was heated to 165°C over 2
hours and held at a final temperature of 165°C for 1.5 hours. The pressure

was gradually lowered to 100 mm Hg and the reactor was held at 165°C and
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32 Exanple 25 1488.2 912.0 61.8 333.3 0.33 0. 34 No 33
‘Exanpl e 25 1488.2 912.0 62.3

100 mm Hg for 30 minutes to remove any traces of water. The reactor was

cooled and weighed to give a polysuccinimide yield of 2985.8 grams.

Following the general procedure of Example 26, Examp-!es 27-36 were carried
5 outand are summarized in Table 7. In some cases, additional diluent oil was

added at the end during cool down so that the product samples were

compared on the same concentration basis. In Examples 30-33, the vacuum

distitation period o remove traces of water was omitted.

10  Table 8 lists the kinematic viscosity (at 100°C) of the product samples of

' Examples 26-36, while Figure 1 illustrates the change in viscosity for different
concentrations of base oil in the starting Terpolymer. Unexpectedly, and as.is
clear from Figure 1, the dilution of the Terpolymer before the imidation
reaction affects the outcome of the reaction. The use of less oil in the

15 Terpolymer resuits in higher normalized product viscosity and the use of more

oil results in lower normalized product viscosity. The higher normalized

product viscosity is preferred.

Table 7: Terpolymer reacted with NPPDA and polyethyleneoxide diamine

20
Reaction Chasges
Additional NPPDAta | PEO DAte
Terpolymer i Terpoiymer Diluent Oil NPPDA PEQ BA Anhydride Anhydride Yacuum
Example Preparation {9} (@ [t} {g) CMR CMR Distillation
25 Example 24 20251 634.1 56.4 288.8 0.34 0.233 Yes
27 Example 25 12866 13800 53.4 2835 0.33 033 Yes
28 Example 24 2350.0 2854 63.2 335.9 0.33 0.33 Yes
29 Example 25 14881 1147.0 62.1 3279 £.33 0.33 Yes
30 Example 25 1488.2 801.2 618 3282 0.33 0.33 No
31 Example 25 1488.0 1146.9 61.8 327.9 0.33 0.33 No
3z Example 25 1488.2 912.0 61.8 33314 0.33 0.34 No
33 Example 25 1488.2 912.0 623 328.1 0.34 0.33 No
34 Example 25 1488.2 912.0 61.8 327.9 0.33 .35 Yes
35 Example 25 1488.1 8012 61.8 3279 0.33 0.33 Yes
36 Example 25 1488 0 9120 £1.9 327.9 0.33 0.33 Yes

NPPDA: N-phenylphenylenediamine
PEQ DA: Polyethylenecxide diamine
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Table 8: Effect of diluent oif in the starting reaction mixture on the product
viscosity (normalized to same oil content)

Total | Product Viscosity
Terpolymer Product at 46.2-47 wt%
Terpolymer | Oil Content | Qi Content Qit Content
Example Preparation {wi%) (wi%) {cStat 100°C)
26 Example 24 52.8 47.0 4228
27 Exarmnple 25 51.8 46.2 437.9
28 Example 24 447 47.0 489.5
29 Example 25 | 435 462 528.0
30 Example 25 35.0 462 549.8
31 Example 25 43.5 46.2 ] 513.9
32 . Example 25 | 38.0 46.2 551.9
33 . Example 25 | 380 46.2 §57.1
34 L Example 25 38.0 : 462 537.4
35 Example 25 35.0 | 46.2 5628
36 Example 25 - 380 : 46.2 529.6

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

fimitations should be imposed as are indicated in the appended claims.
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Exanpl e 25 1488.0 912.0 61.9 327.9 0.33 0.33 Yes
NPPDA: N-phenyl phenyi enedi am ne PEO DA:

Pol yet hyl eneoxi de diam ne Table 8: Effect of dil uent
oil in the starting reaction mixture on the product
viscosity (normalized to same oil content) Exanple
Re.eparation Total Terpolymer Gl Content

WHAS 'igi @Lé!%%

Ol Content (W%

1.  An oil-soluble lubricating oil additive composition pre_paréd by the process

which comprises reacting

(A)  at least one of the following copolymers:

(D

a copolymer obtained by free radical copolymerization of components

comprising:

(a) at least one monoethylenically unsaturated C;-Cps ‘

(b)

(c)

monocarbokylic acid or ester thereof, or C,-Cy dicarboxylic

acid, anhydride or ester thereof;

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

or alkyl vinylidene group or mixtures thereof; and

at least one monoolefin compound_which is copolymerizable
with the monomers of (a) and (b) and is selected from the group

consisting of:

(1) an alkyl vinyl ether and an allyf alkyl ether where the
alkyl group is hydroxyl, amino, dié[kylamino or alkoxy
substituted or is unsubstituted, and containing from 1 to

40 carbon atoms;

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

monoethylenically unsaturated mono- or



Product Viscosity at 492-47 wt% G| Content (cSt at
100C) 26 Exanple 24 52.8 47.0 422.8 27 Exanple 25
51.8 46.2 437.9 28 Exanple 24 44.7 47.0 499.5 29
Exanpl e 25 43.5 46. 2

dicarboxylic acid of from 3 to 10 carbon étoms where
the alkyl substituent contains from 1 to 40 carbon

atoms;

(3 an N-vinylcarboxamide of carboxylic acids offrom1to 8

carbon atoms;

4) an N-vinyl substituted nitrogen-containing heterocyclic

compound; and

(5) at least one 1-olefin comprising 2 to 40 carbon atoms or
at least one polyoieﬁh comprising 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, provided that the olefin employed is

not the same as the olefin employed in (i)(b);

ii) a copolymer obtained by reacting compound (i)(2) and

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

(iii) a copolymér obtained by (a) reacting compound (i)(a) with
com_pound (iXb) or (i)c) in a non-free radical catalyzed reaction in
the presence of copolymer (i) or copolymer (i) or both; or by (b)
contacting copolymer (i} or copolymer (i) or both with the non-free
radical catalyzed reactiph product of compound (i)(a) and compound

()(b) or (i){(c); with
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528.0 30 Exanple 25 35.0 46.2 549.8 31 Exanple 25
43,5 46.2 513.9 32 Exanple 25 38.0 46.2 551.9 33
Exanpl e 25 38-0 46.2 557.1 34 Exanple 25

(B) atleast one ether compound selected from the group consisting of an ether
polyamine, a polyether polyamine, a polyether amino alcohol, a polyether

amino thiol, and a polyether polyol; and

(C) atleast one aromatic amine, and wherein in step (A) said copolymer (i), said
copolymer (ii) or said copolymer (iii) is admixed with diluent oil, thereby

producing a diluted copolymer.

The lubricating ol 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}(a) and compound
()b} or (i)}(c} in the presence of component (C).

The lubricating cil additive cbmposition of claim 1, wherefn the total amount of oil

- in the diluted copolymer is up to 80 wi%.

The lubricating oil additive composition of claim 3, wherein the total amount of oil

in the diluted copolymer is from 20 wt% to 60 wit%.

The lubricating oil additive composition of claim 4, wherein the total amount of oil

in the diluted cbpolymer is from 30 wt% to 50 wt%.

The lubricating oil additive composition of claim 1, wherein the ether compound (B)

is a polyether polyamine.

The lubricating oil additive composition of claim 1, wherein the polyether

polyamine is a polyoxyalkylene diamine wherein each
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38.0 46.2 537.4 35 Exanple 25 35.0 46.2 562.8 36
Exanple 25 38.0 46.2 529.6 5It is understood that
al t hough nodi fications and variations of the

i nvention can be made w thout departing fromthe
spirit and scope thereof, only such limtations

e A B B SO B iy appon e

| ubricating oil additive conposition prepared by the -
process which conprises reacting (A)at |east one of

8 Hée lubricasing Qi addivs W@P%Sltloﬁgf 513@6 dymp thaspaplggnoiety is
{55RuRALCRbRRARIHI B} FBilrRuRreOTPONENt S

9.  The lubricating oil additive composition of claim 8 wherein the polyether polyamine

is polyoxyethylene diamine.

10.  The lubricating oil additive composition of claim 1 wherein the |

copolymer is copolymer (i).

11.  The lubricating oil additive composition of clafm 1 wherein the copolymer

is copolymer (ii}.

12.  The lubricating oil additive composition of claim 11 wherein copolymer
(ii) is polyPIBSA, obtained by the free radical catalyzed reaction of

maleic anhydride and pdlyi.sobutylene.

'13.  The lubricating oil additive composition of claim 1 wherein the

copolymer is copolymer (jii).

14.  The lubricating oil additive composition of claim 1 wherein the aromatic amine is
selected from a group consisting of N-arylphenylenediamine, aminocarbazole,
amino-indazolinone, aminomercaptotriazole, aminoperimidine, and

aryl'oxyphenyleneaniine.

15.  The lubricating oil additive composition of claim 14 wherein the aromatic

amine is N-arylphénylenediamine.

16.  The lubricating oil additive composition of claim 15 wherein the

N-arylphenylenediamine is N-phenylphenylenediamine.
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17.

18.

19.

20.

21.

(a) at | east one nonoethyl enically unsaturated C3-C28
nonocar boxylic acid or ester thereof, or C4-C28

di carboxylic acid, anhydride or ester thereof; (b) at
| east one 1l-olefin conprising 2 to 40 carbon atons or
at | east one polyolefin conprising 4 to 360 carbon

3 8B B SR R TR R

g rtﬂipblyﬁ’fer ) Dstp(bly%bhféﬁémfnng &ﬁdm(bé) a®ragemslecOBeweight
nDnooIefln conmpound which 1's copolynerizable with the

08¢ (a) and (b) and is selected fromthe
group conS|st|ng of : (1) -an al kyl vinyl ether and an
allyl alkyl ether where the alkyl group is hydroxyl,
anfenloprichtiag on ladditiveo camparitiomxof clairh 4 twhersie ¢)(a) is iadicarboxylic
unsaéfxléy and containing from1l to 40 carbon
af O Y9 eacﬁeéw 1ereefi ne and an N-al kyl ani de of a
nonoet hyl eni cal | y unsaturated nono- or dicarboxylic
acid of from3 to 10 carbon atons where the al kyl
s Ulhstlibriceting elbaddiivescomposition obcldin twhersing(l) @irss meiB)
a%nﬁb ch b&ﬁ%q%de of carboxylic acids of from1
63 5 (4) an N-vinyl substituted
n|trogen cont ai ni ng heterocyclic conpound; and (5) at
Ieast one_ l-qlefin conprising 2 to 40 carbon atons or
at!he dfgicatingeoiiasiditye cpmpositiam of daify! whergindbe meapplsfin of (i)(c)
aa g?(ﬁg ¢ having a terminal copolynerizable group in
ormof a vinyl, vinylidene or alkyl vinylidene
group or m xtures thereof provided that the olefin
Xed is not the sane as the olefin enployed in
( %ﬁ" atng; ol coMpesKPY FEMPEING AfRAOIAMUshet AN of dvistsating
(viskosily él'l?dda fiiop QHE:%! af(tﬁé !dbﬁcitiﬁg o'ﬂraﬁﬁiﬁ{?é’ rﬂéos"f’clo@r@%ared by
radical initiator; (rit) pol ynmer tal ne
(the progaes winigh c@npmmdeéﬂma) Wi th corrpound Mo) or
(0(c) in a non-free radical catalyzed reaction in the

presence of copolynmer (i) or copolymer (ii) or both;

ORAPY dthdast omd afthi fallo®iOE dﬁ@gf mefrg.) or copol ymer (ii)
or both with the non-free radical catalyzed reaction
product of conpound (0(a) and compound (i) (b) or

(1) (c)gy w

sel ect éd f%% o&ﬁ)e?rgﬁr)%ébp cgn%%rtala%le(épsg%ﬂﬁgn of

pol yam negongpopehisetomgrisimgt yam ne, a pol yet her am no
al cohol, a polyether amino thiol, and a pol yether
polyol; and (C) at least one aromatic amine, and
wherein i aazst 8PebHondahEhdRRMNICERYT ubdaturafRicl-C,
copolymer (H) or said copolynmer (H) is adm xe d with
di l uent oil, mergcapyoXplivatid onestar tieleat, oda Catfal yner .

2 ne L SEARL oA SPIRELERD Of &

or copolymer (H) or both are contacted with the
non-free radical catalyzed reaction product of

conmpound & )@éjeaéhan%ﬂﬁf@mnmemg)?teﬁo(0(c) in the
presence of ARG

addi tive con%%5|t|oﬁk8%§% Eéﬁy%gﬁhnggghﬁﬁ%hﬁg?gtal
amount of oi ¥ to 360 lcarbdinl atbres and paviyare terminallp dotpo&ﬂmenzable

wt% 4. The lubric oi | - addi conp tlon of

Gl ot 3, wheidkop DiRe FETERT 2ot Yfers: 0T Ak Yindenc aroup
di |l uted copoloy Fiktutes th&@BF 28dwt % to 60 wt% 5. The
lubricating oil additive conp05|t|on of cl aim 4,

wherein the total anmount of oil in the diluted
copolynmer is from30 wt%to 50 w% 6. The

| ubricating oil additive conposition of claimal,
wherein the ether conmpound (B)
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is a polyether polyam ne. 7. The |ubricating oi
addi tive conposition of claim1, wherein the

pol yet her polyam ne is a pol yoxyal kyl ene di am ne
wherei n each al kylene unit individually contains
from2 to 5 carbon atons. 8. The |ubricating oi

additive c 05 i f ' | h, the .

oxyal kyl en%?iel%?/&{bgg&@g% I“?@b gﬁﬁ@gp%&vvﬁﬁ 5isApelymerigabie

m xt ures t her ewith tige mBhemeshuf @)ainion®) aid is@dRkled¥@m the group
conposi tion of claim8 _wherein the polyether

pol yani ne is p6PY¥Weohyl ene diamine. 10. The

| ubricating oil additive conposition of claim1l

wherein the copolynmer is copolynmer (i). 11. The

| ubricating o) addhtwikykvicy etresiand an abfl atdybétherlwhere the alkyl
wherein the copol yner_ i opol ynmer (i 12. The - _

| ubricating oil addPt? {?}ygﬁﬁﬁtéwq%ﬁ'%la&"&?ﬁﬁil@xy

wher ei n copol yner gubkituied P @ wi¥uBSfuteAPIR &%’ailﬁbf kB 1 to 40
free radical catalyzed reaction of maleic anhy r?ée

and pol yi sobut yl erf@rbomatomBe | ubricating oil additive
conmposition of claim1 wherein the copolynmer is

copolymer (iii). 14. The lubricating oil additive
~conposi tion of2)cl aemalkyidraineiand taheN-alkgamtideCorandrivRttyRenically
sel ected froma group.consjsting of S

N- ar yl phenyl enedi aHPFREuraled mepoyop disgraexylic acid of from 3 to 10

am no-i ndazol i none h SRR j : .

am noperi m di ne, acr:]%rﬁgi; 3I oxy\gﬁég%%ée%@é%hﬁsétftueﬁFonltﬁ-'gs 11040

| ubricating oil adearbowetoosnposition of claim 14

wherein the aromatic am ne is N-aryl phenyl enedi am ne.

16. The lubricating oil additive conposition of claim

15 wherein thg) N- agry Nphgmdren@ridebi@rbdkylic acids of from 1 to 8

N- phenyl phenyl enedi am ne. 17. The lubricCating oil

addi tive conpositi@aibefatemsi m 1 wherei n conmpound

(i)(b) of copolyner (i) is polyisobutene having a

nunber average nol ecul ar weight (M) of 2300. 18. The

| ubricating q#) adghN-vingl mmfédﬁi@%ge@f-cdhtamiﬁ@ Reterocyclic

wherein (0(a) is a dicarpboxylic acid, anhydride or

ester thereof. 19S°MPRMN%BPY cating oil additive

conposition of claim18 wherein (0(a) is maleic

anhydride or ester thereof. 20. The lubricating oil

addi tive conp@si t iableast ons hiefil cammerisingn 2 td180 carbon atoms or .

nonool efin of (0(g),.is.a 1-olefin. 21. A lubricating

oi | conposition C%Aﬁ?sﬁﬂ‘ﬁgo&oﬁﬁ? GPMRHB %56%?%% atoms

of lubricating  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),
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22,

23.

24,

viscosity and a m nor anmount of the lubricating oi
addi tive conposition prepared by the process which
conprises reacting (A) at-least one of the follow ng
copolymers. (i) a copolynmer obtained by free radica

copol ri at
ensthne A3obalrSf oARRIReRedbg EbouRE G5k
nonocar boxybmpoared(i(bp in ths tpersehbe pbofree mdial Biate Bor

di carboxylic acid, anhydride or ester thereof; (b) at

,Ireas't one 1-olefin conprising 2 to 40 carbon atons or

at | q@gt %‘&Mrﬂ&'cﬁbﬁéuﬁb@% rSdchg forhBo Q) &3 WieRompound
atonms and havirig a term nal copolyrnerizable group in
t he form di(baov(inglin a\nqmyfraay@d@aknatWWemtmm hemsesence

group or mgx ere Al t { :
nonool ef i ﬁfgéﬁodg'ﬁﬁ} nv% C@HOIV ep()'bgf%/or@rcfrz 335?) Pﬁ%ﬁng he
nmononer s abpélghef (ifor(ddpoBhtér (ip of BbiaGHiedhé homfrebdeadical
group consistin f: (1) an alkyl vin et her and an

of :
al lyl al k;ﬂataétzsgrreawen ®redvist gff WPPOQP%ZIHE‘) AaRRIRPA (I)b) or
am no, Sézl WA no or al koxy substituted-or is '
unsubsti t t) and containing from1l to 40 carbon
atons; (2) an al kyl am ne and an N-al kyt am de of

oet hyl eni cal | y unsat ur at e 0-., or di car hox c
eI SICalLY dnsat Ul 2l o Onn 0L hoar o s cter |
Subst péiyehine COPbRERES ﬂo!?é’mﬁ‘l@ £ BBINSREPEAMS aldoRbl, Qrbolyether
N-vi nyl car boxam de of carboxylic acids of from1 8
car boamimodhigt, apd ja palyetbaripalyol; andst i t ut ed
ni trogen-contai ni ng heterocyclic conpound; and (5) a’t
| east one 1-olefin conprising 2 to 40 carbon atons or
af{C) eatdeasbowee pmmatloeﬁmlnemmwh@eimgn 4tepdABSHd copdhpner (i), said

atons_and having a.ter naI ner.i zabl.e

e TeHANGIS IO sgic pPhiTr GERE ShPBHR e Brtsby
gr OUPpraHudihgch diged cBesIpaks. pr ovi ded that the olefin
enpl oyed is not the sanme as the olefin enployed in.

(0(13), (ii) a copolyner obtained by reacting

TR BB ooR s RRTBP A 2} eyt o BBl A, S
O%ww (?br (:@ﬁoljirﬁé\c(h) Hhdte BROsEMacted with Wetdanq@énﬁuaat

non-free radical catalyzed reaction
i patabieedhiea odﬂctaﬁsgmqud (X3) apd @Uw@pwr@}{b)(qn@(cbm
b ting copolyner (i) or copol yner
&g)fbreégnﬁ %Fém?ﬁ%{ﬁhgénon free radical catalyzed ‘
react| on product of conpound (0(a) and conpound M)
b‘g with (B) at |east one ether conpound
sE‘Ffé E@Etmgmmﬁ@ogﬁr@mj of @J@'ﬁt?étwf?ﬁ@eiﬁﬂh%ﬁ@faéﬁﬁ’@ﬂnf of oil in the
0 ol yam ne, a pol yether am no
? %gm?er‘?s L%Etgeé;t?gnrffno thiol, and a pol yet her
pol on and (C) at | east one arormtl c am ne, and
wherein in step (A) said claf)olyrre ég sai d o
cB’b‘bl“PHﬁ*‘"@uOF‘POB\P°§f§?'a oteRBl 7HetNErEIN e total garERie] ofl in the
V\Blmbodéép‘é%er% fromJDRLEPY &5 RECI ng a diluted

copol yner .
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25.

22. The lubricating oil conposition of claim?21,
wherein in copolyner (iii)(b), said copolyner (i) or
copolynmer (ii) or both are contacted with the
non-free radical catal yzed reaction product of

-_conpound (Osa).and compound (i)(b) or (0(c) in the _
Tedyliraing pil adgitixeneampogifipn of BlainThé, whelsin ¢iad fortg aiolint of oil in

or TR BpBlmBL ot an yhBro Bl To 80 w o 24, The

lubricating oil conposition of claim23, wherein the

otal anount of oil in the diluted copolymer is from
26. Thg Ighr

27.

28.

29,

30.

D

32.

33.

- pol yoxyal kyl ene diam ne r

toting gbcamppgsitiop of claive 21 uwhereiathaether toraptdintli(BEis a
Cq&ﬁﬁﬁﬁéiﬁﬁy el aim24, wherein the total anount of
oil 1n J e gﬁﬁﬁged copolymer is from30 wt%to 50

wt% 26. The lubricating oil conposition of claim?21,
rjin.tpe e}her congo¥nd_(8 is a polyether

poldkTIFEUNG il Corprosition,of elzim 78, whereindhp Belvethempadtamine is a

ChadRyafkyie di t W08 -

ol T Sl A RS ISl RIS o fom 210

i nERPOE @AM contains from2 to 5 carbon atons. 28.

The lubricating oil conposition of claim27 wherein

t he oxyal kyl ene noiety is oxyethyl ene or

ORYPIUDIAELAE 8il corhpBliddrdiefai - Gk, |

oi | corrpos?]ti on 8f cl ai ?ﬁ%%@%ﬁlﬁ%%gﬂ%%%g%ﬁﬁéw@

FOVSiRMeRe of exypEeRMENEe ohyixtures theseali ne. 30. The

| ubricating oil conposition of claim21 wherein the

copolymer is copolyner (i). 31. The |ubricating oi

Chwioisricating) oidEorfpekitin2F clhR 28iviherdlf tHRORN NS bolySmine i

coPonnerm?iL)._%Z. The Iubricatingtoil 5%%% SP?F%E“S

FRIVeKEiRYlee diaming n copol ynmer (ii) is pol yPl BSA,

obtai ned by the free radical catalyzed reaction of

mal ei ¢ anhydri de and pol yi sobutyl ene. 33. The

The lubeigaiingopilodom msition of tiaiom 2 0 vheteii MeZbp¥hReLisNcdgdfmer (i),

copolymer is copolynmer (iii). 34. The |ubncating oi

conposi tion of claim21 wherein the aromatic anine is

STherbasating@in i TR Mer is conc ‘

Nlarylphen?leﬁggﬁgﬁyﬂé?ﬂaéhf%%gg?%ﬁ?g?g?pmymerBCopmymer
no- i ndazol i none, am nonercaptotriazole, -

am noperimdi ne, and aryl oxyphenyl eneam ne. 35. The

| ubricating oil conposition of claim34 wherein the

ahe abtitatingrdilnemippstio@ by ESRESY WABRH &y i

Iqbria ting oil comnposition of claiﬁﬂggﬁ§%§§gﬁﬁﬁﬁﬂ§SA’

fpiging 3}1&9%%@@#0&%@@ neaptimsfimpiein phbydside aniine .

Sofvi ricating oil conposition of claim?21

i\%hﬁ}é?%—tinﬁyl%:%gjﬁpound (0(b) of copolymer (i) is

pol yi sobut ene havi ng a nunber average nol ecul ar

,ght (Me). of 2300. 38. The lubrijcating oi
Y HB5G b GpEpsiin of Faipc oUhPTE esgoneimer s copolymer (i)
di carboxylic acid, anhydride or ester thereof. 39.
The |ubricating oil conposition of claim21 wherein
Yr@(laynqagngrgﬁ epropasifipnafictim@! wherein the aromatic amine is selected

from a group consisting of N-arylphenylenediamine,
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ester thereof. 40. The lubricating oil conposition of
claim 21 wherein the nonooletin of (0(c) is a
-1-olefin. 41. A method of making a lubricating oi
addi ti ve conposition which conprises reacting (A) at
| east one of the follow ng copolyners: (i) a

c oPBINPRAPaZAE Apieerinslpzeknope  apineRiereapinyiazetss i zat i on

of a/8 R Q bSL QL | east one

nv%oet ylehﬁgh @@9@ﬁ§¥@%?2%@53@§Ft28 nonocar boxyfic

~acid or ester thereof, or a Gr C28 dicarboxylic
Ld.. anhydride or. ester thereof; (b) at |east one

35. THE W Rup R omeRligh o" Eaim & whBEm Metagmaats e fogs

on¢-aRMReAl Bhédlamfielr i sing 4 to 360 carbon atons and

having a term nal copol ynerizable group in the form

of a vinyl, vinylidene or al kyl vinyFi dene group or

] s thereof . .. C. |l east. 0 nool efin

36 THE bR R0 Gl RoR By BR BL ISR 2% yhERE P dRebRBendaane i

. ofN-pleanyphenylbnediadines sel ected from the group
consisting of: (1) an alkyl vinyl ether and an allyl

- . alkyl ether where the alkyl group is hydroxyl, am no,
ai e . i _

. LB BXHPHRG miliitr SURT! hefin Bmpdipe ey g copolymer
afipispoly{spputane hbking aaminiteer anerage mviedular WaigHe ev9fof 8300.
nonoet hyl eni cal I y unsat urat ed nono- or dicarboxylic

- acid of from3 to 10 carbon atons where the al kyl

38. sUhsIbl&RING oi ' f i : i
g o b S T AP a = eyl o
t @hydede poestentbeteof.(4) an N-vinyl substituted
ni trogen-contai ni ng heterocyclic conpound; and (5) at
| east one 1-olefin conprising 2 to 40 carbon atons or

39. aThe labridating @il ROMnpOLIBGH Bbf ASIFPZ1 Wha@ir))l) is3Aiecd RO ide or
atons and having a term nal copol ynerizable group in
t9REBeRPf a vinyl, vinylidene or alkyl vinylidene
group or m xtures thereof, provided that the olefin
enpl oyed is not the same as the olefin enployed in

40.  (TUedybrigaking eil cappbsitieT ofatidimi ewhdrginthaalonbdeBPOMPILY & a

(4.35q) and
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41.

conpound(i)(b) in the presence of a free radical
initiator; or (iii)a copolyner obtained by (a)
reacting corrpound (0(a) with conpound (i)(b) or (0(c)
in a non-free radical catalyzed reaction in.the

pr@grfeﬂftgi)d? %%I}iﬁ'gﬁﬁ%to Soolll%rddﬁﬁ 9%:3‘:[3@&3&%?:9}‘5 cHf ltfées

or copol ynmer

“or rdgotilgwi th the non-free radical catal yzed reactl on

product of conpound (i)(a) and conpound (i) (b) or

(0(c); with (B) at |east one ether conpound sel ected
froxn t elegsioshe mn@'fcsib\ivmg copolgmert her pol yami ne, a

pol yet her -pol yam ne, yet her am no al cohal, a

pol yet Kér a/PPRIYIRT 6‘?"3'“3?18 5’956?%}%'*1’ ﬁ%ﬁ’o'\HB?"y@t'O“ ghepmponents
(C) at |eagimBRGh&romatic amne, and wherein in step

(A) said copolynmetr (i), said copolyner41l4 or said
copolymer (iii) is adm xed with d| | uent oil, thereby

duci di |y
P o moan Gher et RSstongmntduentaly ych&}uratsE?% &
copol ymer (i) RbnseRBbNNBhcif ot dsteF thBRioR dtaeC,cenf act ed

~with the non-free radical catal yzed reaction product

of conpound ( Ofiagrbaxdic asidpanimgride pr estevtheregf.c) in the
presence of conponent (C). 43. The nethod of claim
41, wherein the total anount of oil in the diluted

copol yner (ks UzﬁIéé’st%Qewﬁc%ﬂr%np-%ﬁllg@bm%orﬁétamm

43, vvhereln the total anount of oi in the diluted
copol yner is forahleast arepelpolen samprisig, 4 tPhaS0mearsd  of

Gi Tut ed topor yers 05 Eh8 sg 3Rl es By ereadie g in

met hod of i npripgiferegh siting] Apgicens oyalkyl vinglideteayrog

combustion engi ne which conprises operating the

engine with t MWW?%@FTG}‘P@ A conposition

conprising a maj or amount of oil of |ubricating

vi scosity and an ef fective amount of the lubricating

oil additi \Se agtS ége! nqgnc%clef%l compmlmd which is copolymerizabie with
the monomers of (a) and (b) and is selected from the group

consisting of:

(1) an alkyl viny! ether and an ally! alkyl ether where the alkyl
group is hydroxyl, amino, dialkylarnino or alkoxy
substituted or is unsubstituted, and cdntaining from 1 to

40 carbon atoms;

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

of from 3 to 10 carbon atoms where the alkyl substituent
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contains from 1 to 40 carbon atoms:

(3) an N-vinylcarboxamide of carboxylic acids of from 1 to 8

carbon atoms;

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

compound; and

5) at least one 1-olefin comprising 2 to 40 carbon atoms or at
least one polyolefin comprising 4 fo 360 carbon atoms
and having a terminal copolymérizab!e group in the form
of a vinyl, vinylidene or alkyl vinylidene group or mixtures
thereof, provided that the olefin employed is not the same

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

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

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

(i) - acopolymer obtained by (a) reacting compound (i)(a) with
| compound (i){(b) or (i}(c) in a non-free radical catalyzed reaction in
the presence of copolymer (i) or copolymer (ii) or both; or by (b)
contactlng copolymer (i} or copolymer (ji) or both with the non-free
radical catalyzed reaction product of compound (i)(a) and

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

(B) atleast one ether compound selected from the group consisting of an
ether polyamine, a polyether polyamine, a polyether amino alcohol, a

polyether amino thiol, and a polyether polyol; and
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42.

43,

45.

46.

(C) atleast one aromatic amine, and wherein in step (A) said copolymer (i),
said copolymer i) or said copolymer (iii) is admixed with diluent oil, thereby

producing a diluted copolymer.

The method of claim 41, wherein in copolymer (jii)(b), said copolymer (i) or
copolymer (i) or both are contacted with the non-free radical catalyzed
reaction product of compound (i)(a) and compound (i)(b) or (i)(c) in the

presence of companent (C).

The method of claim 41, wherein the total amount of oil in the diluted copolymer is up

to 80 wi%.

The method of claim 43, wherein the total amount of oil in the diluted copolymer is

from 20 wi% to 60 wt%.

The method of claim 44, wherein the total amount of oil in the diluted copolymer is

from 30 wt% to 50 wi%.

A method of impro\}ing soot dispersancy in an internal combustion engine which
comprises operating the engine with the lubricating oil composition comprising a
major amount of oil of lubricating viscosity and an effective amount of the

lubricating oil additive composition of claim 1.
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