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A LUBRI CATI NG O L ADDI TI VE COMPCSI TI ON  AND METHOD OF
MAKI NG THE SAME FI ELD OF THE | NVENTI ON The present
invention is directed to an inproved di spersant
additive conposition that is used in engine oils; and
it is also directed to the process of naking the

sare. 10 BAGKCHSRIBATING Gill WIBITNECONPRSITRIN 0

enpl oy nitrogen containing dispersants and
detergents in tAND METH@%Q%HMQNIGJEHECSAM@ oi |
conposi tions. Many of the known -dispersant/detergent
conpounds are based on the reaction of an 15
al kenyl succi ni ¢ aci ¢IRILDDMYHE KB/ENTHDRN am ne or
pol yam ne to produce an al kenyl succini m de or an
al kenyl succinam c acid as determ ned by sel ected
CP @Q'p?éé@?ﬁ lrﬂfen?ﬁﬁ% Hﬁé‘ctegj@c?gﬁrnﬂ cﬁ}@dfcﬂgﬂ)(ﬂgahp dditive
ricant manufacturer 1s | Spersancy particulate

medrnposition itidtds naéd doemgiat iods; anbit ieslso ivektedetotthe process of

ad%%uate particul ate matter dispersancy nmay

7 $9M%-er pl uggi ng, 20 sludge accunul ation, and

oi | thickening. DESCRI PTION OF THE RELATED ART Liu et .
al., US Patent No. 6,117,825, discloses a
| ubricating oil %GK&‘&‘?.@UND OFSTHEANVEMRON s a maj ‘or

‘anount of an oil of lubricating viscosity: and a m nor

anount- of a synergistic conbination of an

ats RrdWIR RS ot fn@r@@én 2ediiNiNG dpp@rsants| 'aﬁﬁﬁfr%’?érgents in the
addi tive, sai mbi nation conprising: (i)

piﬂrmubii@mqﬂl@br@at@g@dqumﬁ@émm Keap)ofdhel known an

e e e A S e

calkpagstccnic Lmr arshm[d@nmwaﬁi laAife of mlfy@ﬁﬁnstt@pmdme an
or terpolyner, of a C3-Cl10 al pha-nonoo i n and

 opkeBYRNESImIdRR aa@ﬂﬁwbﬁw@ﬁu@wm ag deteraningd &N selpsted

" dorRfifidhd Sﬁ‘é%%ﬁor‘("' &l ﬁr&b‘?érﬂ‘?é@iﬁﬁpﬁ&l@?f&%ﬁy{}%nﬂ%ﬂ\‘e

an am no- ar ona am ne co
Lﬁsspé’maeny ofxlpartﬁ:ul:aién&ﬁ!?e,r inlirdernabesmbustapoeygines. Fallure to

obt ai n
. ﬁ’ave agequgcte particulate matter dlspersancy may result in filter plugging,

- sludge accumulation, and oil thickening.

DESCRIPTION OF THE RELATED ART

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

that comprises a major amount of an oil of lubricating viscosity; and a minor

- amount of a synergistic combination of an antioXidant—dispersant additive and

a dispersant additi\}e, said combination comprising: (i) a polyisobu_tylené

succinimide (PIBSAD) and (ji) an ethylene-propylene succinimide (LEPSAD).
Nalesnik, U.S. Patent No. 5,138,688, discloses ‘an additive composition
‘comprising an oxidized ethylene copolymer or terpolymer of a C3-Cqp

alpha-monoolefin and, optionally, @ non-conjugated diene or triene which has
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free radical copolynerization of at |east one
nmonoet hyl eni cal |l y unsaturated C4-C6 dicarboxylic acid
or anhydride thereof, an oligomer, and one
nonoet hyl eni cal | y unsat urat ed conpound. Gunt her et
al., U S Patent No. 6,284, 716, discloses a lubricating

[ I
Be5ty e b Bfin SR A St ifipBuhd il KAl o i S Hr inatic
(ﬁomﬂnﬂneasnnmnundwonoethyIenicalIy unsat ur at ed C4-Cb6
di carboxylic acid or anhydride thereof, an oligoner,
and one nonoethylenically unsaturated conpound,
V@ﬁ!’itﬁbf‘eﬁ he 9 ePphieiENo! 8 5f1QrGElFiHlsdlc%%%taﬁgo;.\ﬁ*ﬂhheﬁﬁbtamed by
am ne. Harrison et al., U'S' Patent No. 792, 729,
d“r@e:ram@ capdiygyssization of atlpastons moan@@tfp&ly@alb'dinﬁawated

n‘go& ; I n)fs éd%{gid;g? d%rﬁ{yg{/]ndtfar ﬁggel%i,pm %illgomer 2R one
Qﬂ@ﬁbé’tﬁ?(eln@l[y‘aﬁsétfurét@dldfb‘ﬁrﬁidﬂn@t ed acidic reagent, a

l-olefin, and a 1, 1-disubstituted olefin in the
presence of a 20 free radical initiator. Barr et al.

e, g el st L ipiaaon o

¢onposition t 'hie” Teaction pro

(¢ompogigmotymprising labeéant ainghd anspblwﬁre:dbta:aedb by;fteec

acyl ati ng agent nononmer with a free radic initialor

Agdigad cepelymarisaion of %iwtmpeaevwm'%ilvwéw@ed Cs-Co

hé*?ér%%ﬁ{qlﬁ*)’%&%’?%h%ﬁ%&ﬂth%&‘&&ﬂ 5 %n@saﬂb@tér{woﬁ@ent and a

erein rocar stituted

smonoeﬁhgiemmdllaunagtmgedtcanmqmmb avhedeibythe eapolynegras further
#)etcﬁ in and an acylating agent under conditions

srl?@ Wit 80 aiG€ 75 nole % of the starting

pol yolefin 1is converted to the

hydrocar byl -substituted succinic acylati ng agent .
Hdamissoreted., BLS. Palest NpabdR, 139, dg ispelisaot tﬁi@@lymef

°°r§<8'eﬁfeﬁ<%%ﬁinﬂﬂ9k§a°%®5¥i'a‘é$%ﬁgegﬂﬁﬂb*ﬁ?sf%&%ﬁég% e ©
p@rﬂ(ﬂwﬁ@ﬁ% Ihthihetnsy s pldica cefoBeidlizatibaad afturdhturated
el eva eratures in the presence of a stron

aedidic r@age@t @ﬂ -alefin, andsa 1Pbrﬂtﬁh!tbsmb%ed glefip7n mpmnce ofa-
Sddtad@intluts) o0se a mxture of

Barr et al., U.S. Patent Nor. 5,670,462, discloses a lubricating oil additive 7
composition that is the reaction product of (i) a copolymerized olefinand =
unsaturated carboxylic acylating agent monomer with a free radical initiator
and (ii) a succinimide prepared from an acyclic hydrocarby] substituted
succinic acylating agent and a polyamine wherein the hydrocar‘byl substituted
succinic acylating agent is prepared by reacting a polyolefin and an acylating
agent under conditions such that at least 75 mole % of the starting polyolefin

- is converted to the hydrocarbyl-substituted succinic acylating agent.

Harrison et al., U.S. Patent No. 6,451,920, discloses copolymerizing a

polyalkene and an unsaturated acidic reagent, followed by reacting any
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5 derivatized et hyl ene-al pha ol efin copol yners,
wherein functional groups are grafted onto the

copol ymer. The functionalized copolyner is mxed with
at | east one of an am ne, al cohol, including polyol,
am no al cohol etc. to form nulti-functional viscosity

o Bl ke R S 4SRN SR g Rt 26O ted
Ciepaierakrss bf theynmesenoeadfer staonglacidr eact ant s and hi gh
nol ecul ar wei ght ol efins wherein at |east 20% of the

“total high nolecular weight olefin conprises the

aCkithy eb¥l.| BN Pt TREs W21 702 RALIETPIA 420 edivdissall Akiure of
di spefsants in lubricating oils and fuel s and al so

nagrivadized ethylengapbardetio copalyaiens, nyhbssin fugctional growns are

post-treated additives-useful in._|luybri ' I

P At AR Fiodieas A TR aeeRY RpSGsa T Bl AR ot
epaaelbne B an bRENE! G, i!nﬁmmq gotybis atinicealceBolt st at form
oi |l -soluble 20 lubricating oil additive conposition

pradiEfusgtiphalivifcosity Hslex igreyerasidiiMesenpenesdsi ng (A)
at | east one of the follow ng copolyners: 30 a

copol ynmer obtai ned by free radical copol ynerization of
C Hapivoendtsal ¢ QnPr Pafent No( 8)11@ 50 alidcleses novel copolymers of

nonoet hyl eni cal | y unsat ur at ed - C28 nonocar boxyl i ¢
abneAtyrated periq IFartasks ape! gl @%C“OEQVM%MP W\A%%é*ﬂ at
SN Aorhe SEPEoh MEBRAr WRlgbIRAImSRRskhe! of [ n -
conprTsing about to 40 carboi™ atons or at |east one
pakylimafidene soprdrsiirigh abpolymérs are Bsef8Dag disbersaatins

USRS S ST R S

Ohnd iRt HrB8IeRICAddifRS dsoruiah Ithtﬁ%%&ing bfis BRAYAsET i n
conpound which is copolynerizable with the nononers
of (a) and (b) and is :

SUMMARY OF THE INVENTION

' In its broadest embodiment, the present invention is directed to an oil-soluble

lubricating oil additive composition prepared by the process which comprises

reacting
(A)  atleast one of the following copolymers:

i a copoiymer obtained by free radical copolymerization of |

- components comprising:

(a) atleastone mOnoethernically unéaturated C3-Cos
monocarboxylic acid or ester thereof, or C4-Cas

dicarboxylic acid, anhydride or ester therebf;

(b)  atleast cne 1-olefin comprising about 2 to 40 carbon
~ atoms or at least one polyolefin comprising about 4 to
. . |
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sel ected fromthe group consisting of: (1.) 10 (2) 15
20(3) (4) 25 (5) 30 an alkyl vinyl ether and an allyl
al kyl ether where the alkyl group is hydroxyl, am no,
di al kyl am no or al koxy substituted or is
unsubstituted, and containing 1 to 40 carbon atons; an

al kyl am ne and3@0 dArdkXiomma 88d RhviRg a terminal copol merizable
nonoet hyl eni cal Iy unsat urated nono- Or dicarboxylic

acid of 3 to 1ogmmmhatf©mov‘/\ﬂe¢rwl tvirylidereor alkyl Vlnyhdene
substituent contajns tonms; an
N-vi nyl car boxamge P! @gﬁ%&?%}ﬁ?r@%ga“ s of 1to 8

carbon atons; an N-vinyl substituted
ni t r ogen- cont ai ni ng heterocycllc conpound; and at
| east one 1Sl efi lrasbapeimenaplelifgermpoyns whighdsr bon

atoms or at |eag EB F};ﬁl}é}&hﬁf@\ﬁft@]{he ﬁBHBﬁm'e?é B\g%aglté%ﬂt(b‘f'and is

t o about 360 car onms and havi ng

copol yneri zabl e sgleatgdd fromtthe gréuy Ummflstmgvoﬁwyl
vinyl i dene or al kyl vinylidene group or mxtures
thereof, provided that the olefin enployed is not the

same as the ol efiy el Q@dinyl ether and an allyl alkyl ether where
the alkyl group is hydroxyl, amino, dialkylamino or
alkoxy substituted or is unsubstituted, and |
containing 1 to 40 carbon atoms;

(2)  an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or
dicarboxylic acid of 3 to 10 carbon atoms where
the alkyl substituent contains 1 to 40 carbon

-atoms;

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

8 carbon atoms;

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

(6)  atleast one 1-olefin comprising about 2 o
40 carbon afoms or at least one polyolefin
comprising about 4 to about 360 carbon atoms and

~having a terminal copolymerizable group in the
form of a Vi_nyi, yirfylidene or alkyl vinylidene group
or mixtures thereof, providéd that the olefin
employed is not the same as the olefin employed
in ()(b);
-4 -



in (i)(b); -4 (ii) a copolyner obtained by reacting
conpound (i) (a) and conpound(i)(b) in the presence of
a free radical initiator; 10 15 a copol yner obtai ned
by (a) reacting conpound (i)(a) with conpound (i) (b)
cor (i)(c) in a non-free radical catalyzed reaction in
the presence of copolynmer (i) or copolyner (ii) or
both; or by (b) contacting copolyner (i) or copolyner
(ii) ogibotly wﬁdyméreobtam@dfby&@acmg @@hp@@ﬁ@t:){é?dnd
reacti on product of conpound (i)(a) and conpound
(i)(b) or ( .cp(ruvpunw(ll(h) '@Etsleﬁe$%tof®@%f%@ald@%@und
selected fromthe group consisting of an ether

pol yani ne, a pol yether pol yam ne, a pol yether ami no

al cohol(ji) a apmjgotymerrolﬂmn&d byhiadreadting conmeunelt ((ea) with

| yol d t .
resent | nventtashnid S es e Bes Banriperadiit cetiizsg reaction
oi | conposi i} 8k pieQEREL 8f mﬂﬁl&ﬁ% L Nméf 1|§‘Br8bﬂh or by

of lubricating VI scosity a rmun
| ubri cat i ng (b) ¢torddding sapatyongoE) i aapopmegraiiedr bgtht\hié“l the

ProESS, e RIS BalSBR Sl BRI Bl

by free radigal @Mm@@(b)z&t([)@ﬁ Wih conponents
conprising: 30 (a) at |east one nonoethylenically

unsat urated C3-C28 nonocarboxylic acid or ester

t Eﬁiso%’ﬁ éeoéé%%_ %l?er %‘ﬁ@%&%ﬂ%&?gﬁo tr?en@%%i c%?‘ns%‘iing of an
about 2tfier d(ﬂyémfnl@OG po@t@lﬁ@r mﬂyzﬁhlnleeaﬁioimﬁemhy@ aﬂécbm)l a

.conpri sing about
polyether amino thlol and a polyether polyol; and

(C) atleast one aromatic amine.

The present invention is also directed to a lubricating oil composition
comprising a major amount of an oil of lubricating viscosity and a minor
~ amount of the lu’bricating oil additive composition prepared by the procéss

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

(i) a copolymer obtéined by free radical copolymerization of

components comprising:

(@) atleast one monoethylenically unsaturated C3-Cos
monocarboxylic acid or ester thereof, or C4-Czs

-dicarboxytic acid, anhydride or ester thereof;

(b)  atleast one 1-olefin comprising about 2 to 40 carbon
_atoms or at least one polyolefin comprising about 4 to
-5
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-5 360 carbon atons and having a term na

copol yneri zable group in the formof a vinyl,

vi nyl i dene or al kyl vinylidene group or m xtures
thereof; and 5 (c) at |east one nonool efin conmpound
which is copolynerizable with the nononers of (a) and
(b) and is Se'ﬁd%bﬁﬁ%mmaanamumgc:@t@mﬁﬁam ofymetizable
(1) an al kyl vinyl er and an allyl alkyl et

where the al kygrogp duthe formyadieosinyl, viamidesie or aikyl vmyhdene

di al kyl am no or___al kox ubs e ris '
unsubsti t ut ed, %me@Bﬁ'%/ﬁi’ﬁ‘?%@ &é{%f gﬂ@ carbon atons; 30
(2) an alkyl am ne and an N-al kyl am de of a

nmonoet hyl eni cal | y unsaturated nono- or C rboxyllc
acid of 3 (o 1caideagemeanongoigiiecemprend |VYJV<F%

substi tuent conl @l inbritdhid Qifidhd MondhaIRf (8 Pandi(b) and is

N-vi nyl car boxant oxy i c acl

‘carbon atons; (delectad fron the geuwipstanisistiad of:

nitrogen-containing heterocyclic conpound; and (5) at
| east one 1-olefin corrpri sing about 2 to 40 carbon

atoms or at |easft, on fdtRer SQABRISHINGKA RS Where -
to about 360 camon %‘?% V\%gl%aerl ng a teym ng

copol yneri zabl e groughe mkylrgeou;ﬁ mrtmchs@xy,\ aming, diatkylamino or
vinyl |.dene or alkyl allk %y su Selftuted Bifs unsubstituted, and

containing 1 to 40 carbon atoms;

(2)  an alkyl amine and an N-alkylamide of a
monoethylenically unséturated mono- or
_ dicarboxylic acid of 3 to 10 carbon atoms where
the alky! substituent contains 1 to 40 carbon

atoms;

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

8 carbon atoms;

(4) - an N-vinyi substituted nitrogen-containing

heterocyclic compound; and

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

40 carbon atoms or at least one polyolefin

- comprising about 4 to about 360-carbon atoms and
having a terminal cbpoiymerizable group in the

form of 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); | |

-6-
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or m xtures thereof, provided that the olefin .

enpl oyed is not the sane as the olefin enployed in
(i)(b); -6 (ii) a copolyner obtained by reacting
compound (i)(a) and conpound(i)(b) in the presence of
a free radical initiator; 5 (iii) a copolyner obtained

by (a) reacting conmpound (i)(a) with conpound (i) (b)

or (i)(c) in a non-free radical catalyzed reaction in

the pregencgcy o@ﬁmldmﬁhealby r@éclﬁ@ﬂcﬁirﬁﬁfﬁind(:)(é) ahd

both; or by - (b) "contacting Copolyner (i) or . copol
(ii) or bot nommhn@!(}h)éb) iﬁdheprea@ncamf@a‘rea:maﬁl@aa Or
reaction product of conpound (i)(a) 10 and conpound
(i1)(b) or (i)(c); with (B) 15 at |east one ether

conpoufi) sebejobeq/nierramtélhed @yc{aprmﬂﬁg @btrm@uﬁﬂ (a(a) with
et her pol yam ne,

oly
am no al coh@@mpaun@&lo(pipﬁéa(chm %aowea radtsa@b(:%taiyzed reaction

pol yet her p | 5re@5Mk %@I

The present ml %\% rﬁf’l on él@ e{:ﬁ)toc}lng?]f@cq}%g’p% rrdefﬂlagb or by
meki ng-a | ull)i comtactiggaidpolymaeti {) |ore:opoiypt£¥.|(t|) ombmmmlh the
conpri ses reactl n

fol | owing cBRBIHTE! glaé aé %taggelger%%%@%&gb%q@%ow (i)a)
free radi cahng%ﬁ{mﬁl(gmgﬁr@%@z wigpnponent s

conprising: (a) at |east oethylenically
unsat urated C3-C23 nonocarboxylic acid or ester

t eof ., or, CA-C23 dicarboxyli i d, .anhydride or.

odBLr °hisRshpne Shr PO ung e o (EhSp 'RoRling of an

conpri gtg peRIMing, & pofi@tisgMamine, a polyether amino alcohol, a
polysther amino thiol, and a polyether polyol; and

{C) atleast one aromatic amine.

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

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

(i) a copolymer obtained by free radical copolymerization of

components comprising:

(@)  atleast one monoethylenically unsaturated Cs-Cag
monocarboxylic acid or ester thereof, or C4-Cos

dicarboxylic acid, anhydride or ester thereof;
(b) . atleastone 1-olefin comprising about 2 to 40 carbon
atoms or at [east one polyolefin comprising about 4 to

360 carbon atoms and having a terminal copolymerizable

-7 -
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atons or at |east one polyolefin conprising about 4 to
360 carbon atons and having a term nal copol ynerizabl e
group in the formof a vinyl, vinylidene or alkyl
vinylidene group or mxtures thereof; and 5 10 15 20
(c) at |east one nonool efin conmpound which is

o st et ea.fr Sirie BE SE BER T E b T8 e R R dene
al kyl ami ne and gasup\beiristhiesitHereof; and |

nonoet hyl eni cal I y unsaturated nono- or dicarboxylic
acid of 3 to 10 carbon atons where the al kyI

substituen con

al kyl vi nylt( et h%?'%%&g"&%?%‘?d'fbo@ﬁf@?p@% her v‘v&‘ere t he

al kyl group is Ia;apolqmdruzabImwm tiel mbhyhmm; ob(&)rand (b) and is
al koxy substitut egnﬁge subst i tuted, g cont ai ni ng

1 to 40 carbon &e&FEd ﬂml\t GiFRQUR SPBIRUN @

carboxylic acids of 1 to 8 carbon atons; (4) an

N-vinyl substituted nitrogen-containing heterocyclic
conpound; and 2%180 @b)alkyl viryhstheomadarodlif atkyl ether where

conpri st .ng about 2t %he alky! group is hydroxyl, amino, dialkylamino or

alkoxy substituted or is unsubstituted, and

con’taining 1 to 40 carbon atoms;

(2) an alkyl amine and an N-alkylamide of a
“monoethylenically unsaturated mono- or
dicarboxylic acid of 3 to 10 carbon atoms where
the alkyl substituent contains 1 to 40 carbon

~ atoms;

(3)  an N-vinylcarboxamide of carbbxylic acids of 1 fo

8 carbon atoms;

(4)  an N-vinyl substituted nitrogen-éontaining

heterocyclic compound; and

(5)  atleast one 1-olefin comprising about 2 o

| 40 carbon atoms o‘r‘atA least one polyolefin
comprising about 4 to about 360 carbon atoms and
havihg 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 (iXb);



40 carbon atons or at |east one polyolefin conprising
about 4 to about 360 carbon atons and having a

term nal copol ynerizable group in the formof a
vinyl, vinylidene or alkyl vinylidene group or

m xtures thereof, provided that the olefin enployed
Is not the sane s th lef,in enp

(1) % b oy rac Enbhiaines, S SRRt Somenboliad Pnea)
and CO”DOU%@(T\;)&@:I (iXB) IMBeRIreseitetof] fréefré(%alﬁﬁﬂaibﬁﬂ
initiator; a copolyner obtained by (a) reacting
conpaound (|)(a) wth conpound (i)(b) or (i)(c) in a

N1 18R "2 CalogbAL KA BAEH ka0 BPERRR

~the group c

10

15

contacting mpmqumro)(b))orqr)(d)@malrwmefreé rad)zceorcatmrjded reaCtlon

wth the ngn-free radi caI catal yzed reacti on

of conpound i the BieseRsR| Ot 6PRRIVINGET (1) P BYPAYMEr §”@é’)’b0th or by
wth 10 (B) éaggégg?%n BERAIMEE (i YBFWnéPLﬁBF BAth /R the
pol yet her pdopaﬁnemaaduaaimatalﬂdubneaanmmprcajm:bbﬁtompound (:)(a)
pol yet her am no thi ol er polyol; and 15

(O) at |east? %@%P%P&&&a%(ﬂgc SEordl ngly, the

present invention relates to nulti-functional

lubricating oil additives which are useful as

di(Bper stheast |qmemihemampmmcbmﬂau®ﬁlfmn elmggmp czmmstlng of an
DETAI LE DES | PTI ON OF

Dvent [ OhST RO E o et RANRRIe Aoty Eet Ao daghol &

al ter na}idl%ﬂhelfé?rhﬂ‘ﬁ} th&f?%d‘é‘boﬁ)@ﬂ%} |sander eof and
are herein described in detail. It oul d be

under st ood, however, that the descrlptlon herei n of

IR TV A A

- the contrary, the intention is to cover all
- nodi ficatjons, equivalents, and alternatives falli

: W/{-qﬁoﬁdwgg H}ﬁ prelseaanngre@te{s i Muki-éristigpal Iubrncatln% oil

20

25

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

DETAILED DESCRIPTION OF THE INVENTION

- While the invention is susceptible to various modifications and alternative
forms, specific embodiments thereof and are herein described in detail. It
should be understood, however, that the description herein of specific
embodiments is not intended to fimit the invention to the particular fdrms

' disclosed, but on the contrary, the intention is to cover all modifications, _
equivalents, aﬁd alternatives falling within the spirit and scope of the invention

as defined by the appended claims.
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~other is polyisobutyl. The poly

as defined by the appended clains. Definitions The

followng terns used with the description are defined
as such: The term"PIB" is an abbreviation for

pol yi sobut ene. The term "PIBSA" is an abbreviation for
pol yi sobut enyl succinic anhydride. The term

gio'j {I!P(I) BSA" refers to a class of copol yners enpl oyed

e 10 scope of the present invention which
are copol ynmers of polyi sobutene and a '

"~ nonoet hyl eni cal | y unsaturated C3-C28 nonocar boxylic
athafdipwing ermspised ofith e descrintion aresdefiiasas sie:aci d,

anhydride or ester thereof which have carboxyl

groups, preferably succinic groups, and polyisobutyl
grinufesm "FHR” jsraf abbrediatipo fgRhd@aobsteaecopol yner of

pol yi sobut ene and mal ei ¢ anhydri de having the 15
general formula: wherein. n is one or greater; Rl, R2,

RBhARAnPPI1B5R” $ehie abBvidim BY EB@%%Buten%pSlE@;‘i d1¥ lanAPdide.

pol yi sobutyl having at |east about 30 carbon atons

(preferably at | east about 50 carbon atons) wherein

A Bl pou BT bRl f LRSSy ROaiPGrs ShrRetyfine
adc@pelfdhe prssann thvaRto® vhith araﬂcogbl 'Srger@iffndlyi%tﬂjtéh@ and a

_ ‘ cppol_é/rrer may be
anpapataylenisallylussriuraledGmdemmonecarhexylisraaid suesienithereof, or

S A L5 BB R D S sl

sqoaps estefarapiytdiecaiogioupenans polyoblityl grddigs. ThElpreferred

--0-- lower alkyl or taken together are --0-- :;&Eerfor,m
PR E S fs a aaa%mea@f QP'{!!?&.bU ang mateic anhydyigs having the
ag]t]éﬂ'}’érélﬁo?m[]%&.‘m to include al koxy of 1 to 6 carbon

at ons.

0 0. 0 :
Ra Rs
\\/Y |
. [T )
o ]
‘ Ry R
n

wherein.n is one or greater; Ry, Ro, R3 and R; are selected frdm hydrogen,
methyl and polyisobutyl having at least about 30 carbon atoms (preferably at
least about 50 carbbn atoms) wherein either Rq and Rp are hydrogen and one
of R; and R4 is methyl and the ofher is polyisobutyl, or R; and Ry are
hydrogen and one of Rg and Rz is methyf and the other is polyisobutyl. The
po!yPEBSA copolymer may be alternating, block, or random.
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10 The term "degree of polynerization" refers to the
average nunber of repeating structural units in the
pol ymer chain. The term"terpolynmer"” refers to a

pol ymer derived fromthe free radica

copol ynmeri zation of at |east 3 nononers. 15 The term
"I-olefin" refers tq a_nonounsaturated olefin that has
t Hdedi§tiBI 8UCTRIR @roYP tREE™ I B8 Grewr Raving dhe timuWdiso be
cal | ed al pha-ol efins, and have the follow ng
structure: .20 CH2 = CHR where Ris the rest of the
ol efin.nolecule. The term"M -dysubstituted ol efin”
refers to a disubstituted olefin, also called a 25
vinylidene olefin, that hasGheCfoM owi ng structure:
CH2 = CR1L R2 where Rl and Rﬂ are the sane or

different, and constitute—f??~fesfﬂbf the olefin

nol ecul'e. Preferably, eithe Rl”or R2 is a nethyl
group, and the other is not. The term "succinimde" is
understood in the art to include many of the amde, 5
imde, etc. species which are also fornmed by the

I edtedrePNNVOANAZ Siis @idiipendehtydseldetedifidm &t @upesonbidting of
predom nant_product, however, is succinimde and thrs

t erihabl be@n Iguaealkyl of takenstogsthaiareedir fyfariea succinic
\ . i A f . | - -
D hagbidie, TR AR-LH SRk e Bl o juotyde gkguy of 110

succi ni ¢ aci ran
ari cemborlak@nyl or al kyl succinim des are disclosed in
numer ous references 10 and are well known in the art.
Certain fundanmental types of succinimdes and related
TRt ofth S dSYeR"HY e RURRhAL e
e R R R o Pt orB s Al e RhBe
3 répdathgirstridradyusirsin tBe 20 meé6chairg, 172, 892; and
3,272,746, the disclosures of which are hereby
i ncorporated by reference. 15 The term
" POleViBHAChOART" FFERNS d SolyMer Hemedd @&Pnhedwe_t ra@fcad

succi nic group-containing copolymer with an am ne.

Tieepphmarizatiee 6 pt leaskd kyonamersni ¢ aci d derivati ve"
refers to a structure having

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

CHz = CHR

where R is the rest of the olefin molecule.

The term "1,1-disubstituted olefin" refers to a disubstituted olefin, also called a
~vinylidene olefin, that has the foliowing structure:

CH,=CR'R?

-11 -
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20 the formula: O HIl RCCGL HRGCM O wherein L

and M are independently selected fromthe group
consisting of 25 --OH, --d, --0--, lower alkyl or
taken together are --0-- to forman al kenyl or

al kyl succinic anhydri de gr oup The term

"al Kyl i gl | Kk ljd .
oDatE St ) BEArS e N SRt dket e Ry e P8 't olefi
GpoRemenPEfbrbh) @ithBER! oF RBV Agnathyidrongeaesd the other is not.
structure: 5 CH2 RA RR wherein R is alkyl or

substituted al kyl of sufficient chain length to give

t ! t

6 B AR EHUB ALY e ok i nbBE ey Bﬂta%'érﬁ'de
daide @t(ats&pjﬂ?sl,eSMlBﬂE aa‘bhlﬁoatbrnh@:aby thsebmﬂct@ﬁ of ardnm:mn:c

at ons out 1 to abou

and wer
H&% n qrwanet Fivedp rn a@t PF? L@bmoaﬂéﬁ\f%dsaummlmlde
t
ff‘ B i B ddrrly 2cdIBIG] indehi FR0b6Ruct o1
Iraacincn'amﬁ armgalsehy- or akymwatimte@ssminibaﬂd@oaahhydride with an
pr.opor n The . term " hi,gh nol,ecul ar .wei ght ol ef.i ns"
R BRLAIERY ardiid SRR 5™ HSEedl it Bl e Rbfhoes
hed 218 viell RV R theFetCE R Flmdaﬁ‘ferﬁé}lft?béé 6f‘§uccan|m|des and
nol ecul ar - wei ght and chain length.to I'end solubility

iralated radenals gnedmpassadcly therterotal @t "Spfz@lamrdg“ are taught in

I8 PRISR 2o PR OB R P+ 21 o SRRy 1.000:

r2f 22,802 caPB Yabkye, m@m@ﬁlo@lﬁressdffv\fhlm ans hembgdbtaporated

wei ght such that the products prepared having such

M EfRIEBE®. nol ecul ar wei ght are soluble in |ubricating
oil. Typically these high nolecular weight polyal kyl
groups have at |east about 30 carbon atons, |

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

group-containing copolymer with an amine.

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

the formuia:

wherein L and M are independently selected from the group consisting of
—~OH, --Cl, --O-, lower alkyl or taken together are --O-- to form an alkenyl or

alkylsuccinic anhydride group.

12 -
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25 preferably at |east about 50 carbon atons. These
hi gh nol ecul ar wei ght pol yal kyl groups may be derived
from hi gh nol ecul ar wei ght pol yolefins. The term

"am no" refers to -NRLR2 wherein R and R2 are

i ndependently hydrogen or a hydrocarbyl group. 30 The

o il by hSlgRRS: O8N e eSRbmeEorerp i pjoh molecular

alvisight olefihe aadtpd ﬁl@én@b@hp@néﬂﬁlmmb the faliowihg &inylindene
car bon atons i ncludes primary, secondary and :

t &rygtaiey al kyl groups Typi cal |ower alkyl groups

i nclude, for exanple, nethyl, ethyl, n-propyl,

i sopropyl, n-butyl, sec-butyl, t-butyl, n-pentyl,

n-hexyl and the like. The teyn "polyal kyl" refers to

an al kyl group that is genefially derived from

pol yol ef i ns whi ch.are pol Hﬂ?ﬁﬁb copol yners of
nono- ol efins, particularl 1-'ono- ol efins, such as

et hyl ene, propyl ene, butylene, and the I|ke 10

‘Preferably, the nono-olefin enployed will have 2 to

aRpBici? R 8a1la00Br aliBsRutedail B &Rt ehaipl Ian?taho ive3the
to 12 carbon atons. Mre preferred nono-ol

i iesuline rpp@ﬁyleemubthiuﬂryltéwﬁ@atlmmiﬁs anf duely, thysiRiggnenady has
?tolgégtn%:qlﬁ %%ﬁ&cﬁf?g{bﬁ% é{rgée?étgﬁgﬁ é (u§ d}é%ﬁtf 438"8arbon atoms |
pahy B, apiovwenelkyp of sibotiten®, atesn@céarbby apehyi sobut ene.

15 The Lubricating O Additive Conposition One

enbodi ment of the present invention is an oil-sol uble

| | H

oSSR Rl LBRELSI BLOBBS YR Y Al Wil
oin a!imhaflolahd\ﬂmmatlopgdimn:armns(st)chzﬁs labdogtirigyoits or fuels in
obt ai neﬂygﬁ free radi cal copol ynerization of

cBRPoHE (PB‘PRQ iQM%g: (a) at |east one

nonoet hyl eni cal | y unsaturated C3-C28

The term “high molecular weight olefins” refers to olefins (including
polymerized olefins having a residual unsaturation) of sufficient molecular
weight and chain length to lend solubility in lubricating oil to their reaction

products. Typically olefins having about 30 carbons or more suffice.

The term “high molecular weight polyalky!” refers to polyalkyl groups of
sufficient molecular weight such that the products prepared héving such
sufficient molecular weight are soluble in lubricating oil. Typicét!y these high
molecular weight polyalkyl groups have at least about 30 carbon étoms,
preferably at least about 50 carbon atoms. TheSe high molecular weight '

polyalkyl groups may be derived from high molecular Weight polyoiefins.

The term "amino” refers to -NR4R; wherein Ry and Ry are independently

hydrogen or a hydrocarbyl group.

The term "alkyl" refers to both straight- and branbhed~chain alkyl groups.

- -13-
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nmonocar boxylic acid or ester thereof, or C4-C28

di carboxylic acid, anhydride or ester thereof; 30 (b)

at | east one 1-olefin conprising about 2 to 40 carbon
atons or at |east one polyolefin conprising about 4 to
360 carbon atons and having a term nal copolynerizable
-14 group in the formof a vinyl, vinylidene or alKkyl
vinylidene group or mxtures thereof; and 5 10 15 (c)
aThé &aat "lower atayid odfefd o alkyippomss having 1ite about 6 carbon atoms

A i R A e Wider allyt
Sols 1adide, bMBlarBd, fHbA SthyRilibpdt RBOrdE Roube

group is am no; di'a amn
asemiytys disity! t nHpedtyb m-hexydmedidbeiliket ed, and cont ai ni ng
| to 40 carbon atons; (2) an al kyl am ne and an
N-al kyl am de of a nonoethyl enically unsaturated nono-

OThe € iNAIkyICredéisto tin Ak GrdGp aaitROGeRanP dehes® from
the al kyl' substituent contains 1 to 40 carbon atons;
(B9lyalefing wWhish arerpsdwaatsder efpabinesafimencrelalivsoparticularly

orrRER R R an kiR, B, BB antdha s ()

3Preferably, the mono-olefin employed will have 2 to about 24 carbon atoms,
and more preferably, about 3 fo 12 carbon atoms. More preferred |
mono-olefins include propylene, butylene, particularly isobutylene, 1-octene
and 1-decene. Preferred, polyolefins prepared from such mono-olefins include

polypropylene, polybutene, especially polyisobutene.

The Lubricating Qil Additive Composition

One embodiment of the present invention is an oil-soluble tubricating oil -

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

() a copolymer obtained by'frée radical copolymerization of

components comprising:

(@)  atleast one monoethylenically unsaturated Ca-Czs
monocarboxylic acid or ester thereof, or C4-Cag

dicarboxylic acid, anhydride or ester thereof;
(b} ~ atleast one 1-olefin comprising about 2 to 40 carbon
atoms or at least one polyolefin comprising about 4 to

360 carbon atoms and having a terminal copolymerizable

-14 -
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at | east one 1l-olefin conprising about 2 to 40 carbon
atons or at |east one polyolefin conprising about 4
to about 360 carbon atons and having a term nal

copol yneri zabl e group in the formof a vinyl,
vinylidene or alkyl vinylidene group or mxtures

thereof, provided that th oIe is pot the
o (PLoul SrorouBah Ul Brh 14 Py BPRGER bF RS abione
copol yner obt ai n@%uﬁ Yor'sdiirb8thereapanad (i) (a) and
compound(i)(b) in e presence of a free radical

“initiator; (iii) a copolyner obtained by (a) reacting

conpound (i) (a) 5. CO . i ry (s in a
non-free ra@)calyiégg Vieﬁ%ﬁég% %oﬁj?\dh\&h%ﬁg%ence

of copol yner (')c@gﬁol?xﬂ@ﬂté[tﬁl@ﬁvlﬁﬂh}a rendakls ofqa %bmd (bpand is
contacti ng copol yner f) or copolyner (ii) or both

with the non-fréeleftsdifen thegmupcansidigtdfon product

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

with 10 (B) at |east one ether conpound selected from
the group consis{i)ng af alyl vieyhethepahy aniallgl alayl ether where

pol yet her pol yam ne, po yet her | cohol , .. . i
pol yet her amino thioll %"T‘llﬂy QFBWF&Y&PXQO?WO dgﬂﬁy[@g\mo Of
(C) at least one aro”@fkbﬁ @Gbétﬁute@QRC?% bétltu):te(ia)mJ he
Monoet hyl eni cal |l y Unsaturated Monocar oxy

Ester 20 Thereaof or OChniairtukyltd ¢0Aailbn ath?ojrl de or

Ester Thereof In the present invention, at |east one
monoet hyl eni cal |y unsaturated C3-C28 nonocarboxylic

acid or ester th?Z yeof an @k VanfirSahd aaNReAdrhidecdfh
anhydri de or er thereof is used to prepare the

copol ymers of copol yn#onpejhylemiedlyrusisiejyuraed menat or

| east one nonoet hyl en %%65 0 (@Lg 3}‘5%@@%%% where
nmonocar boxylic acid 'o{j e‘%&gﬁ ?ﬁl rg , 0 - oms whe
di carboxylic acid, anthgakpesupstieehecoitagisepio 48 carbon

atoms;

3) an ‘N-vinylcarboxamide of carboxylic acids of 1 to
'~ 8 carbon atoms;

(4 an N-vinyl substituted nitrogen-containing

heterocyclic compbund; and

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

employed is not the same as the olefin employed

in (i)(b);

-15 -
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di carboxylic acid, anhydride or ester thereof. The
general fornula of the preferred dicarboxylic acid,
anhydride or ester thereof is as follows: 0 0 C -
CH=CH - C X X 5 wherein X and X are the sane or
different, provided that at l[east one of X and Xis a
gr oup that is capable of reacting to esterif
d%#ﬂ@qg(n

al cohofiig, f@)PﬁP@W@@ taipedi iy FRaddigpcompgund

am nes, forg 6@“d(ﬁ£ﬂ)ﬁﬁtl¥& RsERAC bt ¥ $raBhalca) Ritiator,;

basi cal 'y rea I ng ounds and ot herw se
functl on as acylating 10 agents. Typically, X and/or

one eq(ﬁHm arepayms cBlaied BvnEdRI CampREng iR it
--NH2, - - O eompoliid (ifBflot ﬁk?’]ntaoﬂt% e r%dt%ﬁﬂcz%aiy@@dﬂ rétﬂ‘:tlon

--0-- so astoforman an . Preferably X and
are such t hmtthe@msarmeb:ofmppokymer r(ﬁtqr@ﬁﬁob'mﬁféﬂﬂt@'rbqﬂm@ by

oerant. diRephERTpaNPaSlyid 26 Shi8yirR TRt 1A e

el ectron- deﬁ(bl@fr%@traéicaf Cé’célyﬁé@ E’e@ﬁtoﬁ%@ﬂ@ﬁ@ﬂccf’fmoﬂhd (i)(a)
anhydri de; nononet hyl, di et h& i) nmonochl or o,
£

monobr ono.  &eheempetod ()& enlides valfd di f1 uoro mal ei ¢
anhydri de: N phenyl nal ei m de and other substituted
mal ei m des, isomaleimdes; fumaric acid, nmal eic acid,

almy| ahiedB0gRN R eahrppuad Gefasted ﬁbﬁsthe(yrah;kybn&stlng of an

fumarates and mal eates, 20 fumaranilic ac

mal eanptheaepieming Ralvelier PRYREIRRP bafiinssatnnp glconol, a.
e o pEYERAERRa by, BRY AidlyARBPBOME SRRl Y

unsat u |car oxy acl s or a rides of 4 to
28 carbon atons sel ect ed fromthe group conprising
rrzd:el c acid, fumaric.acid, itaconic acid, nesaconic

leﬁﬁtﬂ‘w ernaioAeci d, citraconic acid,

mal ei ¢ anhydrlde i taconic anhydrlde citraconic
anhydri de and net hyl enemal oni ¢ anhydri de and m xtures
ofCopbbseer (Wi t h one anot her, anong whi ch mal eic
anhydride is preferred. -17 Other suitable nononers
are nonoet hyl eni cally unsaturated C3-C28-

(a)  The Monoethylenically Unsaturated Monocarboxylic Acid or Ester
Thereof or Dicarboxyllc Acid, Anhydride or Ester Thereof

In the present invention, at least one monoethylenically unsaturated Cs-Cas

| monocarboxylic acid or ester thereof, or C4-Cag diciarboxylic acid, anhydride or
ester thereof is used to prepare fhe copolymers of copolymer (i). Preferably
the at least one monoethylenically unsaturated Cs-Cos monocarboxylic acid or
ester thereof, or C4-Cas dicarboxylic acid, anhydride or ester thereof is a

dicarboxylic acid, anhydride or ester thereof.

- 16 -
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nonocar boxylic acids selected fromthe group
conprising acrylic acid, nethacrylic acid,

di met hacrylic acid, ethylacrylic acid, crotonic acid,
allylacetic acid and vinylacetic acid, anong which
acrylic and nethacrylic acid are 5 preferred Anot her

group of i tahl e no A yl ers of
oA Genpral tersnule of thrreatar r%c{@ P i g de or Ester
d{ﬁ.@é@ﬁ§)&slfgum .ds such as ethyl acrylate, butyl .
acrylate, 2-ethyl acrylate, decyl acrylate, docedyl

acryl at e, Ioct adecyl acrylate and the esters of
i ndustrial alcohol m xtures of 14 to 28 carbon atons,
et hyl methacryl atg, 2-ethyl hexyl nethacryl gte, decyl

10 net hacryl at e, tadecyl nethacryl ate, nobut yl
mal eat e, di butyl Onz\gate, nonodecyl /D

mal eat e, . di dodecyl maleatecymenepctadecyl nal eate, and

di oct adecyl mal eate.,”(b) The 1-A efin ok Polyolefin 15
In the present invention at |east one 1-olefin ‘

conpri'sing about X to 40 carbon atons or %t |east one
pol yol efi n conpri sing about 4 to 360 carbon atons and
havi ng a term' nal copol yneri zabl e group in the form of

Ciobeosiank S5 LS 465 soeiaiaH, 7S e DAl RgleBst one of

"C%ﬂ TR, diolipSAE o3 @Q%ftreé’cth% AP YLondloTim amides

pre erably on atons, “such as” decene,
dod acene saltsnmthdmmaneraamﬂmmas u‘oers roétaCealtsagith reactive metals
Rr ef.e

| ef
+ 67 BoSiealtb sena Fs sty A oferise MgiRbi g /dling
alagentsN IYPicaly, 36 ardBR X" ¢ ﬁwarolMyHPodﬁPbﬁCQW wﬂ@tteOHS

in the range 100-4,500 or nore aré preferred, with

nm@'eaears ansi eiivalpnt aftremetal gameTonigD-o7 a0woe ation kg, —-Cl,

o RBF Rt apaBRRR 1o R, SR pR FORRD SekRlohfon AHYarce.

t Ilveérer@ﬂn?fx a5d D(aaeesdohqrraﬁb@m RPbealib imaions®ah renter into
| engt h. Anot her source of alpha olefins is the

e@RylaénR r@@@mnﬁ Madﬁegghwﬂdﬁrswr@ gread eastan r@ﬂ@r suitable
C?ér%&gn Lie&LAS fel%%%h rcfé?xlll‘ offingfsuth &l 'rﬂéndgﬁhé?’rg{ hfeic

tiron o ns over an a

~ cainhlysde; &uodmmetﬁyheirmeiriyl rkmmhl&oegioaobmw,lmenoﬂuoro

Internal o] efins are, easil ai ned b
dichloro and difluoro maleic anhy0¥rd h phenyimglerm:de and other

substrtuted maleimides, isomaleimides; fumaric acid, maleic acid, alkyl
: hydrogen maleates and fumarates, dialkyl fumarates and maleates,

fumaronilic acids and maleanic acids; and maleonrtrsle and fumaronitrile.

Sun‘.abie monomers for (a) are monoethylenically uneaturated drcarboxylrc
acids or anhydrides of 4 to 28 carbon atoms selected from the group
comprising maleic acid, fumaric acid, itaconic acid, mesaconic acid,
methylehemalonic acid, citraconic acid, maleic anh‘ydri_de,' itaconic anhydride,
citraconic anhydride and methylenemalonic anhydride and mixtures of these

with one another, among which maleicenhydride is preferred.
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. pol
aneﬂr@cryTn@w @anghmsr:ar

I somerization of alpha olefins over a suitable

catal yst such as silica. -18 Preferably, 1-olefins
from C6-C30 are used because these materials are
commercially readily avail able, and because they offer
a desirabl e balance of the length of the nolecul ar

sl P ol oo A g
%bﬁ@@érsoﬂﬂ.hmto%fgéréctée rfgﬂ:i) Sr@agﬂoﬁg CRARIsHEACiio a@.ae

yol efins conpri si n? to about 360 Carbon _
ihae, @ﬂn&&@yl&g@cm,mmm aeid, allylacetic

B iactin el 2N vBRneRo TR RO BB Gioid are
bsreRstRed. IAMRtHEigREU SORUEANE maotha islO; lm@amlye@sters of

i soners of pentene, hexene, octene and of decene, the

_dvpaesthsenseipleunsatialed CorGupnenoidlicrbgedeadsis siph as

pe%tﬁill Vlr}qbfé gﬂ 158 t8f2 ih I WhateV Hé‘éﬁh agﬁ)igciﬁeoaoced | acrylate,

ol'i"gopropehes “an I'gopr opene

notadeey a‘mfyl@tetamﬂm@ mﬁsaﬁ iredutigal atebhioh ettt scofl B to
ol i goi sobut enes, as . obtaina

I I .
4% BRORGtemS eyl methesr e, c%hyigor mithacytate, decyl

P
Sr?%?{ég: e gécﬁéﬁécéﬁetha Ia"’lée%%ﬁgﬁﬁ& %Pétag(gcﬁ% gi mBfRate,
rmmhud@&y[ Malmthydiidoéeanmaiemec madnpbetadeeylimsica@, lad

6‘5“ ta ‘\éol efins are described in U S. Patent No.
N#PE®-is  herein i ncor porated by reference.
The rml ecul ar weights of the oligoners may be
determined in a conventional manner by gel permneation
ciw onathey i Ykiin opBolpekeftopol yneri zabl e pol yol efi n -t hat
is reacted with the unsaturated nono- or di- _
carboxylic reactant are polyners conprising a najor

AROHB tprédertinveBtionan xaet 6hé N-olefif comptibbemput 2 to 40 carbon
propyl ene, butylene, isobutyl ene and pentene.

palpyseersatdeast saenohseliy aemerising beyt ﬁéﬂ) $69 @am% aiogns and

Halith o @TBR SRIRTRR b STB S e o

balkyilvimgideas drogoisuwnplened. etc. O her copol yners
i nclude those in vvhi ch a m nor anmount of the
copol ymer nononers, 1to 20 nole %is a C4-C8

0 - . b

ngg 4}3/ ﬁgﬁéﬁ% %’rg rffpgaléﬁ‘\g c%pg)iymér @URPhRHE atifut 2 to 40 carbon
atoms preferably 6 to 30 carbon atoms, such as decene, dodecene,
octadecene and mixtures of Cog-Co4 -1-olefins and Cy4-Cys-1-olefins, more
preferably 10 to 20 carbon atoms. Preferably 1-olefins, which are also known

as alpha olefins, with molecular weights in the range 100-4,500 or more are

~ preferred, with molecular weights in the range of 200-2,000 bemg more

_preferred. For example, alpha ote’r" ns obtained from the thermal cracking of
paraffin wax. Generally, these o[efms range from 5 to 20 carbon atoms in
length. Another source of alpha olefins is the ethylene growth process which
gives even number carbon olefins. Another source of olefins is by the

“dimerization of alpha oleﬁhs over an appropriate catalyst such as the well
known Ziegler catalyst. Internal olefins are easily obtained by the
isomerization of alpha olefins over a suitable catalyst such as silica.
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or a copolyner of ethylene, propylene and
1, 4- hexadi ene, etc. 30 The polyol efin polyner usually

contains fromabout 4 to 360 carbon atons, although

preferably 8 to 200 carbon atons; and nore preferably
12 to 175 carbon atons. -19 Since the high nol ecul ar

FFrelabt; Ttnedio Cogh AR dsey Harateh BBaelel Hea
'E?Jn%%h%?l yabadily ﬁ@él%‘ﬂﬂe 4Rl Realide ths @fdrsa dédidibié BaRhce of

copol ynmer rml ecules resulting will generally 5 contain

dheilengin of dfe moga@uirarltamralrthmoymatb of el teypolyreulssna@ipolar

BT TR R 5 oSGy o f copelyrer

wi |l be produced. The copol yners of the present
i nvention have an average degree of 10 polynerizati.on

opuitable pgivelefiap formr@paf% coPelydRT dbaiw pquqleflas §8GRrising

(odtAdo dRLE PO PR bl T A iierd e BRRerde

erli’ﬂb!e@u&r aleidretdM,) ohfrombatanit 86itn aboupBAligimivicBxamples of

opol yrrerll zabl e

15050 P PP HBCS S Pt T it bxcbLferfe, 2d o

allfr]é}ﬂ{:hé/d R¥mesk %ggeﬂfé‘ﬁeaﬂefér{é’ |oc@n‘é>’énoeétft?‘écéﬁﬁeﬂ% t he

group Is droxyl, am no,- di al kyl am no or

'mdmmnsmmm temmtalgmu;soﬁtﬁm;ﬂgomau@g p@sent in the form of a

t
SV kKR otk P Bida Gh0ET sideBtodh e A e BePShene
%B@Ureg lof @ t6aZd@°é@fbbﬁ absrhd aff iPphlich@r %%cﬁigﬁb@bﬂ% as

where the al kyl 25 substituent contains to 40 carbon
avltainables forexahpie ngtesudingta M 2t 02 8Phosgresoadings

g'iﬁté' 5 gagﬁr%c'gﬁ{ ‘gﬁﬁ? %Sgﬂéiee%@@%- %h%fgﬁ%%ﬁﬁég@%a%%%gﬁggers are

‘ a%lsb %@ﬁébl@tnﬁ)r b‘x@h@ﬂé mikEUTes bbéthglereaitid &hepaphacaefiren Other
atons or a

eas
su1table polyolefins are described in U.S. Patent No. 6,030,930 which is
herem incorporated by reference. The molecular welghts of the oligomers may

be determined in a conventional manner by gel permeation chromatography.

‘The c_opolymerizable polyolefin that is reacted with the unsaturated mono- or
di- carboxytic reactant are polymers comprising a major amount df Cy-Cs
mono-olefin, e.g., ethylene, propylene, butylene, isobutylene and benténe.
These polymers can be homopolymers such as poiyisob'utylene as well as
copolymers of 2 or more such olefins such as copoiymérs of: ethylene and
propylene, butylene, and isobutylene, etc. Other copolymers include those in

which a minor amount of the copolymer monomers, e.g., 1 to 20 mole % is a

" C4-Cs nonconjugated diolefin, e.g., a copolymer of isobutylene and butadiene

or a copolymer of ethylene, propylene and 1,4-hexadiene, etc.

" The polyolefin polymer usually contains from about 4 to 360 carbon atoms,

- although preferably 8 to 200 carbon atoms; and more preferably 12 to

175 carbon atoms.
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one pol yolefin conprising about 4 to about 360 carbon
atons and having a term nal copolynerizable group in
the formof a vinyl, -20 vinylidene or alkyl

vi nyl i dene group or mxtures thereof, provided that
the olefin enployed is not the sane as the olefin

enpl oyed in (i)(b); Suitable nononmers include the
followi ng: vinyl and allyl alkyl ethers where the -
sw%/ Etf@ﬁb ole f'w% yc,fh‘f n%%%@@"!o %?%Caﬁrr (ra?/ﬁ@ c8 §i9mers of the
smbs&mttsmntmn m"ecgenamllyyumw pf mma! m@ewaﬁpﬁdlﬁerem ,

origdiap g il Ferehvmgt Melieh s et eftany
?CO%HIWah%MureVéfWéh ﬁidn&rulardﬁéight\wyélkﬁtd?@ups gpdaging

vinyl  ether, octadecyl vinyl eth
ZHQI@ce[ath;ghh Algpe mixtlires @fwop@tymﬁr molecules having different

ArPeabon N ARG e Hdlbef 5 o FTE o oup of

nmononers conprises Cl1-C40 al kyl am nes and C1-C40 -N
al kyl am des of nonoet hyl eni cal |y unsat ur at eg C3 - Cfglo
-Thsheep@dymets ebthedesett ingnden h@uewna%verage egree o

cdr@f'gﬁe%mér (glﬁ‘{ gf’ére%‘férybﬁéf rab Srﬂye! qoﬁfohé(é?ut 20, and

m noe t acry acrylam de,

rrablagieférablydieom 2ot t & to-dastuy Hacr yl am de,

N-octyl acrylam de, N, N -dibutylacrylam de,

- N-dodecyl et hacryl am de and N-octadecyl met hacryl am de.

(%? 25 N RIdAELolEfiP BBnfouraNONer s i ncl udes the

| om ng: N-vinyl carboxanm des of carboxylic acids of
1 to 8 carbon atons, such as N-vinylformam de, _
NFivé prdseivt n‘ﬁrbhyd)rﬁ empmrgiscm ledétoineyrhacedlafin dempound which is

%q\ﬁqlnw'lpelﬂg M&hﬁﬁ%b‘ﬁ%{%ﬂ%&é}fg V. n%mﬁq%gysleﬂa%%da Wb%ethe
p%,gphggg,ﬁg}sﬂﬁgogo (4) Another group of nononers
es

the“follow ng: N-vinyl conpounds of
nltrogen contalnlng het erocyl es, such as

Nﬂl . n g]kyﬁvmyl éther and an allyl alkyl ether where the alkyl group is
hydroxyl, amino, dialkylamino or alkoxy substituted or is unsubstituted,

and containing 1 o 40 carbon atoms;

(2) analkyl a'mine' and an N-alkylamide of a monoethylenically unsaturated

mono- or dicarboxylic acid of 3 to 10 carbon atoms where the alkyl _

substituent contains 1 to 40 carbon atoms;
(3) an N—vinyl.carboxamide of carboxylic acids of 1 to 8 carbon atoms;
(4) alj N-vinyl substituted nitrogen-containing heterocyclic compound; and
(6) atleastone 1-olefin comprising about 2 to 40 carbon atoms or at ieasf

one polyolefin comprising about 4 to about 360 carbon atoms and

. having a terminal copolymerizable group in the form of a vinyl,
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5 N-vinyl methyl i m dazol e, N-vinylpyrrolidone and

N-vi nyl caprol actam (5) Suitable 1-ol efins conprise
about .2 to 40 carbon atons, preferably 8 to 10 30
carbon atons, such as decene, dodecene, octadecene and
m xtures of C20-C24 -1-ol efins and C24-C28- 1-o0l efi ns.

Pr ef bly, 1- ol ef h I

of of  rnamAere orcated Yingleeis ofte i mbsneR gDt oBdg that
are  piRf Qefi€Empiiyed isabekel simavas dhé élelf[ﬂ érﬁﬁo?@@ geiebh);
112- 420 being nore preferred. For exanple,

ol efins obtained fromthe thermal cracking of 15

: _pg‘ﬁaffi n wax may be enployed. Generally, these ol efins

ge from5 to 20 carbon atons in |ength. Another
source of al pha olefins is the ethylene gromﬁh
process whi ch gives even nunber carbon ol ef

Aﬁaﬁwa!e r@,@mreerscmcluee &g fedlowings yinvh énﬁlaﬂ’é'rﬁ‘”ﬂdteiﬂaﬁfs gfhere the
hﬁpﬁag}&kwéf@ eio baﬂpr{t&%'aﬁé%,s%aéﬁﬂa%fé WGhe a | radical
atalyst.

nown er c nt er na f| ns
eamquarg/dhdheeshtkgtltudm Huchssnherdraat | aminal, dédlipfaanino or

orprr deraoieS are moo e B ey iy g prdihyio etner,
t Ié%%@ BB ST SRE 868h 1 BROTREA Y BAT|VoUaidcABER iy

e th e er a desirabl e ce -of

N ethtgarmcdadem vmyi ethar & (diethylyasninb )ethy! giolyuether,t y of

I ' I I
ofdr ok Pyl R EEr. 288 e pbFernatid SBaBhermer
(i) Copolyner reactant (i) nmay be prepared from wel |

known net hods which are described in the art
i @)1 uding, but not limted to, those methods which are

30 disclosed in the follow ng patents, which are

herein incorporated by reference: Harrison et al.,
UABotHEaigetiip domohofi@ds ¢aBprisamnCher,, @tkyﬂémlr\dzss‘and%ﬁ -€nb
No. 6,284, 716;_ and Gunt her et al S. Patent No.
6-N1alkggriidesof mangeiaylepisally H@ﬁ@tuéﬁte@ lte -rie SBARO- OF
[

HI&%FEd@/ﬂanE@gh ﬁhgtﬁﬂéhﬁﬁ%h@ IQ%' H?éth@@bﬂmoethyl

Succl ni er poly

canrgr(z&e,dd:bufylamnbeﬁwt mettercoflaten aommld(ea)netbacﬁrvbanade

o oecommite. ReodtBaéatastider NV ARaYEOHTamide, | M °

N-dodecylmethacrylamide and N-octadecylmethacrylamide.

3)

Another group of monomers includes the following: N-vinyicarbexamides of
carboxylic acids of 1 to 8 carbon atoms, such as N-vinylforma'mi_de,
N-vinyI-N-methyIformamicIe, N-vinylacetamide, N-vinyl-N-methylacetramide,
N-vinyl-N-ethylacetamide, N-vinyi-N-methylpropionamide and

.N—yinyIpropionami’de.
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| .mefar&ob FOF §xamp

(a) to (c) three conponents conprising of a
nmonocar boxylic acid or ester thereof, or a
di carboxlylic acid or anhydride or ester thereof; a
branched olefin; and a nonoolefin. In general, these
conmponents react to form terpolynmers which can be
&ﬁgdon1terpolyners or alternating terpolyners or 10

ck terpolyners and can be prepared by known
procedures for making copolyners. The nonocarboyxlic
acid or ester thereof or dicarboxylic acid or
anmsther geuproferenamensdneluties dhe fallewingy N-viowl earppeunds of

' ' eV [ os y mal ei ¢

Rlcei Sorio hatabed SRR MBIHARL Y, "ol
t P&qullmﬁﬂfyarrﬁ@m‘l@ va\yﬁfyrmhmd@ ahdNJeinyichpragceanal
terpol ymers of high nolecul ar wei ght can be produced
at low tenperatures, and terpolyners of |ow nol ecul ar
W%bght can be produced at high tenperatures. 20 The
terpol ynmeri zation is conducted in the presence of a
suitable free radical ‘initiator. Exanples of suitable

SRS BB rgroies oo el Ealmiaioms. Py 6 o
PSS BAPBALANAS! Such ALUYcAE XoRREBREN i &ldhd mixtures of

tertbutyl perisobutyrate, di-tert- per oxl
dTzot@ryt-1 avigfinsparcb&bd6,s 4 telefing| Prpmrabdydl-@aﬂnmawmchmﬂe also

55 U T
ysrefbradd) REthdhoRSuRr Wé@iﬂﬂté% Wd RarRRefanQLdmy beiRgdasre

co-initiators maéa SO present. Preferably, the

@J@h@oh&fﬁ@@ obtﬂ:medafr@m the tigermal cracking of

o R toay i bR Gel R EMERIGRAS wRg8 lafR S o

Pzanea«rbun@orfnerin wr@mmrﬁtﬁhéﬂ!;durﬂ;e@if efpha slefied isrtaésethgn@ne
for exanpl e, 30 described in U S. Pat. Nos. 560, 455

LT DEBSs SIMAtLgaY SVAG SBHRHCAIbEY Olehas dARHBEr BauICe of
td1&fids £y thedmef 2Rk @* %Eﬁg lé!éfﬁs%‘ék dnly %E Qatalyst such

prépare °terpol yners. ents a
vaaer hetwelbknavm Elmm'rcataiyﬁe !r@emdl y)mfms(are: ,eammeolaiamei:i by the

second olef s enpl oye n. the reaction, e
ISRl o alea GBS RE R SBle At oah 55 SHiseh s

derefdrabid 1 REGINY fron @R ¥ HRE uskh because these materials are
commercially readily available, and because they offer a desirable balance of
the fength of the molecular tail, and 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
.disclose.d in the following péténts, which are herein _incorporéted by reference:
Harrison et al., U.S. Patent No.r 5,792,729; G{jnther et al., U.S. Patent

* No. 6,284,716; and GUnther et al., U.S. Patent No. 6,512,055.
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I n anot her enbodi nent of the present invention, the
copol yner reactant is a copol yner obtained by
reacting (a) at |east one nonoethylenically

unsat urated C3-C25 nonocarboxylic acid or ester

thereof, or a C4-C25 dicarboxylic acid, anhydride or

t : '
B e RESERIerA N e bretpnl RSHAT e cort oY TRklA R &
pralpakenyl sucaficaarinyandederpblynadre Thesefergolymeld acacboposed

Y CAeaR e P S0 BB ) KOk So NGO RGNt or i nal

copol yneri zabl e group in the formof a vinyl,

vinylidene or alkyl vinylidene 15 group in the

pFy¥esiiyetnst tezpalymers eitfinezinventian eardain atfieast qneetfanpaamers
G 1T tentdtle PR e Sl B TRGR O of e

Whieedbf2orhd Bitapsd@ict Adi op hnhyttRit dH edtdiORerddf; & &sriched

about 20%is in the alkylvi nKI I dene configuration,
eolgfin; andpa prprolefirR[n gadeEl. ihesasemponertsigadh tRyformr

f%g?ﬁrigﬁgfse\ghﬁh%n 4 [Mofrﬁ E%rﬁ?!&v%?%bf%{g&%%ﬁg tft}%‘pgg/{nlsféars or

stlting nolecule sta ubrica
amidck tepslyrichs an® caparep@payechiag kadwh gesdedalesifordfiaking

carbon atopp,. preferably at |east about 25 50 carbon .
RV BAF- %ﬁeir@ow%agv%aﬁeﬂ Owst%@@requ Qralic 9&3@ acid or

fﬁﬁlﬁ%’ﬁd@t&%ter"ihé%o?% L8 &l "t ﬁ)&%‘\ﬁhi‘éh-w@;ﬁt g\?iggﬂgt

e presence of a free radical initiator. _
caipdbyekrpriatesallly trealeet antydpgdeyal kyl ene and succinic -
groups and has an average degree of polynerization of
1 or greater. The preferred copolyners (ii) of the

IF’TI@@%Q rlé'erltzrf‘?ﬂilsi'rﬁérifh’ﬂbﬁ c%;lfﬁﬁe aepelyilers tAhMahpovdr a Wid®range.

c - c-Cc c-c- _
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 terpoi’ynierization is conducted in the presence of a suitable free radical
initiator. Examples 6f suitable polymerization initiators are peroxide
compouhds, such as terybutyl perpivalate, terybutyl perneocecanoate,
tery-butylperethylhexanoate, tertbutylperisobutyrate, di-tert-butyl peroxide,
di-tert-amyl peroxide, diacetyl peroxydicaronate and dicyciohexy]dicaronéte,
or azo compounds, such as 2,2' -azobisisobutyrontrile. The intiators may be
used alone or as a mixfure with one another. Redox co-initiators may also b.e |
present. Preferably, the initiator is a péroxide type initiator, e.g., di(t-butyl)
peroxide, dicumyl peroxide or azo type initiator, e.g., isobutylnitrile type

initiators. Procedures for preparing poly 1-olefin copolymers are, for example,

described in U‘.S. Pat. Nos. 3,560,455 and 4,240,916, hereby inc_oi*porated by
reference in their entirety. Those procedures could be used to prepare

_ terpolymers. Both patents also describe a variety of initiators.
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R R3 wherein W and Z' are independently sel ected
fromthe group consisting of --OH, --0-- |ower alkyl
or taken together are --0-- to forma succinic
anhydride group, nis one or greater; and Rl, R2, R3
and R4 are selected from hydrogen, |ower alkyl of |

) d hi ol | wei gh . L
SRR (hovierBies seaend RN e R hd kacigancambe
epafedid tRBGaRe r'n%nhér"\@é c@ﬁdﬁyﬂner anNHie o8 &bk Halad,

nol ecul ar wei ght polyalkyl, or R3 and R4 are hydrogen
and one of R, and R2 is lower alkyl and the other is

hi.gh I Ie | | ar wei ght polyal kyl. 15 Copol yrmer (ii)
nggﬂ%g&ﬁ—wrnati ng, block, or random In a preferred

- enbodi ment, when mal ei ¢ anhydride is used as the

reactant, the reaction produces copol yners

pincansithererabydistent i teopresaniig vertion, the copolymsr fgagtantds a

2@&0@%%?’@@@@Eféﬁ%ﬂ&@@ah@ﬁ&é&% (A HoRfiyiddy about
auitsatelate €3z onoriopdringstic abituarroster hptooff oradamﬁczb to
car bon ato

PHEROE Bl R s BEp AN S0 B beaNeow. 15

aﬁ%@pedﬁpbﬁzétﬂé‘g)bfﬁhé‘ryéonﬁﬁé‘a dfhg Iégéf otbfin H’kﬁ%bules of properie

ar wel pol yal R3 an R4 are hydrogen
armdofoen brazfchid 1au|éﬂrﬁe®f #do I16\marbca1r kidma ridivirigea auhdreriayerage

il esla M S5 B it e dtonit 500 el g et

3&b;§<ﬁgrﬁ@ﬂzé’élé 'Eﬁ’o Ofprnethe I¥@iph bf Qtvrr{y? aﬁﬁyl@@ﬁétor%(ﬂ(ﬂ @H?ﬁ@ene
atons). Preferre nol ecul ar’ wel ght pol yal kyl

ggeupsnithe prereneeof eg‘fﬂﬁrrardrcag indtigder. Preferred
pol yi sobutyl groups include those having average
nmol ecul ar wei ghts of about 500 to about 5000, npre

PTRAS frﬂbfelrre‘d cupoipngis e presin iiveRBOR arePFﬁ;ﬁré@ ty reactrng '
| over al kyl groups include nethyl and eth

e8 p@schye yhlﬁgé‘ﬂ‘é'??léaf weigdf olgfinyn whigh g mrp@rqn@mmef
ol {r@é‘chratf%npg{ I%'agt%l?cm 0'9/Ir st ﬁrtﬁg %E@ﬁﬁaﬁ%ﬁ@oﬂﬁ Yliration, e.g.,

Mers conprises
prepared by polynerrzatron of isobutene. These

CH,

R

A

- pol ybut enes are

wherein R and RV is an alkyl or sulbstituted alkyl of sufficient chain Iength to
give the resulting molecule stability in lLrbricating oils and fuels, thus R
generally has at least about 30 carbon atoms, preferably at least about

50 carbon atoms and Ry is a fower alkyl of about 1 to about 6 carbon atoms,
with an unsaturated acidic reactant in the presence of a free radical initiator.
The product copolymer has altematmg polyalkylene and succinic groups and

has an average degree of polymerization of 1 or greater.
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pol-yi sobut yl ene,

“that the resultin

readily avail able commercial materials well known to
those skilled in the art. 20 D sclosures thereof wl
be found, for exanple, in U S. Patent Nos. 4,152,499
and 4, 605, 808, which are herein incorporated by
reference for their disclosures of suitable
pahgpreforesl ccgfcﬂ?irﬁé:%t{hyof the bréssnihwidrtioharhvelteé gorer e
used to provide a high nol ecul ar 25 wei ght, oi

s®IBIR tail in the terpolyner. Preferably the

1, 1-di substituted olefin has an average M of from
500 to 5000. One particularly useful

1,1-disubstituted 6lefiW is aZl, 1-di subshituted-
luch a$ nethyl vinyliden

0 Reeler abl g—=the FQOpBl y

pol ymer conprise

a hi gH\ nol gfcul ar ht
group which is

ol efin. The high nolecuﬁar'VE|ghthgleg
preparation of the copolyners of t egent

invention are of sufficiently |ong chaln ength so

-26 conposition is sol/uble in and
conpatible with mineral oils, fuels and the like; and

the al kyl vinyl i dene isomer of the high nol ecul ar

wei ght ol efin conprises at |east about 20% of the :
t ml"@lreiol\b’f iamdcd n@@éhdémnd&ﬁntlﬁaeled&c@honﬁhecgnd)m comsigfing of

ariddr st RRPEav i Py iRde Bt mOn o dom aiLagh orhydride
b Wﬂ‘ PRlorfe GagreaRrAdTR, AR ARFREHAS ébzeaésff@nahwmgen

| east one branch per 4 carbon atoms al on

ri zabl e

pol yal kyl

i ght
insf.used in the

pol yi sobut yl ene. .

- cﬂféwfﬁ’ allgylf gatetf earban [ajorps edred high moleculan wreig

10

15 4

20

oM ecRB PRSP a5fFs e MePddTF el OB ki %ﬂ% '{‘%f%? ik

Pahygahé efttest i h@@ﬁhe@cbbﬁrﬁmgmqi dymkyl Z@xt Rpan@m avé eliitgyen

of from3 to 6 carbon atons, referably from
o|a@d|crw QftRt arhRa ig lowes adient Baﬁ ﬂ@@ @W@r l%\h'ﬁhrﬁi@'éCU]af weight
g Iy from propyl ene or isobutylene. The
ag It dn- pol ynmeri zabl e ol efi ns enpl oyed are normal |y
1-ol efins. The branch my be of from1l to 4 carbon
atons nore usually of from1l to 2 carbon atons 15
M%ﬂ%@hmyﬁﬁlﬁmam it @F Farfaky| vi nyl i dene
somer conprises a methyl- or ethylvinylidene isoner,
nore preferably the nethylvinylidene i soner.
In a preferred embodiment, when maleic anhydﬂde is used as the reactant,

the reaction produces copolymers predominately of the following formula:

[~y

- s SO, S |

s

_25_



10

15

20

20 The especially preferred high nol ecul ar wei ght

ol efins used to prepare the copolyners of the present
i nvention are polyi sobutenes which conprise at | east
about 20% of the nore reactive nethylvinylidene
isomer, preferably at. |east 50% and nore preferably

aWHe?éiﬁtn i6 &Houby 'té aBbét TEUS ?ﬁé’éﬁ%%l)? BESutl 2 At 2‘d19§c?re

prepared using BF3 cat he preparation of 'such
porgfecsdihu? éndg, and RS, %lﬂdﬂndwﬁmmww&ed;ﬂommdmmwmer

°%@Léfséef?%@a%%’@)ﬁ%Sér"é‘%@ﬁﬁ&géhhe?{ s Biige WY pohyafk,
4 WhRFifGRnoPREBAG H 418 HrGRACkNITBfie bf R) 2Rl RiSs Mkalkyl

above, copoly (1) the present invention is
pﬁ@ﬁéfﬂ% gthsy is h'sacmoiﬁgulaﬁ W@Ilgé’ﬂ |DﬁW@H<d’| anhReAsd Ruraredydrogen

agh o‘ﬁercﬁ%%%}{b( R? oclb@%r Bl;k?fﬁﬁ]@ fheocgthgr{ r ﬁh 8{0? %Lﬁ%} wr%:;rht

initiator ess O repara

. (pblyalkyl.descri bed -27 in Harrlson U. S. Patent No

5,112,507, which is herein incorporated by reference
in its entirety. The reaction nay be conducted at a

from g oﬂrtﬁig@ to %;gb%q%%% &ﬁ%{k%g? \é}ﬂ%" ane%fs?ééé’ufy

péll)ymalncnrz atonon(praferable as Eagt abapdt mayhah atams). Preferred high

s aTar ionE RS R Euelies iitlude walyBAGUH GEupas rklerred
fﬁgiy%\obum\gﬁfuﬂsqﬁahue @hé@ﬁﬁ’&rﬁé HO&%geFrﬁéieéeflﬁFWe%hté bf about

reaction i s conduct ed " about 38C, an aver age. _
dégp ée abﬂutpéﬁ%marzarreimahiy fr@m)about %Qmsatmm apAadPreferred

U R ko o BB a0 G SEUE FEbESalp Beergpa tower aky
petaUpRrih&iatie efetAfl. about 10.5 was obtai ned. The

reacti on may be conducted neat, that is, both the high
nol ecul ar wei ght ol efin, aci dic reactant and the free

AR e BB PR P AR o Rogpaence

Alwthéohnaxtel prepatredt HyeposiymhmmnmaMsbmeﬁ@ dméﬁjpdﬂ?b@tenes are
di | uent For .exanple, the . reactants may be conb

ed
" reagliy givallahle Caffitensiak raRipialAME e thAse SKiled in the art.

'solsg’Jk}fgLPgS{ E&ARH %e%g{]o:]i‘é?eg%%%akn rgtlj’ Eﬂg Ir\]!?{;.e4,152,499

e an ncIu e ac
chho ﬂcﬂ&ﬁ &@8 rvd’uuy lbem herdin arcodmratiddiy z@f@ehbelf@r, their

' or obenzene, xyl enes, or the
| IB‘E@ IOSR{GSH Lﬁégée%g%‘gﬁ“?§ conpl ete,

25

30

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 an average M, of from 500 to 2000. One particularly useful

1 J-disubstituted olefin is a 1,1-disubstituted po[yiso-butylene, such as
methylvinylidene polyisobutylene. '

~ Preferably the copolymerizable polymer compriSeS_ a high molecular weight
polyalkyl group which is derived from a high molecular weight clefin. The high
molecular weight olefins used in the preparation of the copofymers of the
present invention are of sufficiently long chain length so that the resulting
-20 -
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~conpourids ¢

vol atil e conponents may be stripped off. Wen a
diluent is enployed, it is preferably inert to the
reactants and products fornmed and is generally used in
an anount sufficient to ensure efficient mxing. 25 In
the preparation of polyPIBSA, inproved results are

e S

| Rridi %&Mﬁﬁmnérﬁﬂné@@ﬂ thelhighiroletsutar weidht Sefih comprises
initiators are well known in the art. However, the

cHbieast abowt 20%0f e tatal qlefin cemBPSiiay- be i nfl uenced by
the reaction tenperature enployed. -28 The preferred
free-radical initiators are the peroxide-type
p@yatEhigh atdleculai weighbolefins arelgeherally ovixtypes of molecules

ol yperi.zati on initiator iatjon c sed
P o diEeiet Moyt g heve Shibrgkone branch Ber
pEH SxbheR awrﬁﬁ aid@ethb%%bﬁﬁ réf@lfédl;ﬁéﬂ'éa%ﬁ&n %@{mm B&rbon

i norgani c, rganic V|ng t'he general formla:
OGRmM3 aldray heRhairs, amdypafrlgdarrly: predeired thatdherefbe 3bpgt one

o E e ST iR oS TR SR AR oA B
r aflhy¢ abmerﬁérﬂfyecf@h;br}sé%imﬁ@mépﬁrepaeé@w th@ﬁaiyﬁférlzauon of
radicals, carrying, if desired, substituents Such

ham@fg@r@‘ froro 3dbd carben @lores, et peferebly fremnualefins of from 3to

G4 SPbA A AR o Presabl oD ORIRAE or itthygyigne. The

pE‘afdMldﬂﬂSolymbhzéb!erbléfmSVWpi@y@d latdrhdirngly 1-®¢éfmréeThe branch
benzo% per oxi de; | auroyl peroxide; other tertia
bungy D& fenndde 4p0sr lzomatﬂmnrmr@u@%yp ﬁ@ﬂb%t@@ carbon atoms

t roper oxi de; cunene hydroperoxi de;
ecHd e@é?’ergﬂl&ox' {gngj

~acetyl hydroperoxide;
dlethylperoxycarbonate tertiary butyl perbenzoate

hellﬁgf. Tlgle. tyeco ounds, typifie
aI prefesrre alkylypylide SRMATSEs 2 medivi-gy g%/;myhdene
“@é&mbf‘%e&fr@ﬁeéégg'tﬁé‘h ﬁﬂﬁﬁgl'id%eni%ﬁfe'ral s. These azo

fi ne as those having present in
the nol ecul e group --N=N wherein the bal ances are

g earircialbyrerieail e friohf SRR ed terare the
S lﬂdp@ﬁ)n?er@%ﬁ e B%léﬁfjﬁwbﬁﬁérﬂgn% p&%o@ﬂt@nes which comprise at
- least _about 20% of the more reactive methylvinylidene isomer, preferably at
' least 50% and more preferably at least 70%. Suitable polyisobutenes include
those prepared using BF; catalysis. The preparation of such polyisobutenes in
which the methylvinylidene isomer comprises a high percentage of the total
composition is described in U.S. Patent Nos. 4,152,499 and 4,605,808.

~ Preparation of Copolymer (ii}
As noted above, copolymer (i) of the present invention is prepared by
reacting an olefin and an unsaturated acidic reactant in the presence of a free

radical initiator. The process of the preparation of copolymer (ii) is described
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not limted to, p-bronobenzenedi azoni um fl uorobor at e;
25 p-tol yl di azoam nobenzene; p-bronbbenzenedi azoni um
hydr oxi de; azonet hane and phenyl di azoni um hal i des. A .
suitable list of azo-type conpounds can be found in
U S. Patent No. 2,551,813, issued May 8, 1951 to . Pau
Pi - AN |

B e, T PR, Pla S0, it te fiobeRiRBlboraterthy o
eafleesricedn itshentipatyt i cul ar initiator chosen, the high
nol ecul ar ol efin used and the reaction conditions.
The initiator nust, of course, be soluble in the
"T8RGeheforTRityWE cditficksdal a @@ﬂg@@w@tmmu@_ﬁsw fiol ot
are between -29 0.001:1 and 0.2:1 noles . of initiator
240° Gpprefeablciramaboub 40 4Rt abwuthi G ex dhealbgregdlint s

bet ween 0Q.005:1 and 0.10:1. The, pol rization.
CoET el ey Sinmbidonal &F bR s” Bbbilinlyfor the
théeferfadi High hidleculdoweigatossolyers esis eiahtgeolat efiptoy
or exanple, using benzoyl peroxide as the initiator,
Houer ieaction Fem rgeulrer @@mple, béravaastiandscondistedal

f I ) .
P98, 91 Sl000 ol MERT.PRALTRG: A0 209 Weo Hince.
Hovwealdreif fieoathctian 9@sadoridentzer sitalteaspdrature dieboat40°C, an
about 20C and about 200C, vvi-t'h.‘gr‘eferred t enper at ur es

BYCRgaResres sl pol worrizatian 45 aheuy 5.6 washeblaingd i on

~pressure should be sufficient to maintain the sol vent

in the liquid phase. Pressures can therefore vary
Hdteveactiah may kx cosghived nealn thata, hadh ghe highi mhleculabuwteight

PR SRR e B B e g et 614 B
FHRS LA 1rhl tineamr!tRé PeatiBRMEMPePRuRS. the acidic

;
reactant and hi gh nol ecul ar weight olefin to
copolymer. The reaction time is suitable between one

Werdaaiiinge Stydo RoTbE oBvEEaTh & Qb o RaHERG e

irBadtab bl - dOMISINBA iy BRolveRt. Suitable 86k Ats indlbge thale in

mol ecul ar wei ght olefin, acidic reactant, solvent and

- which the reactanis and free radical initiator are soluble and include acetone,

tetrahydrofuran, chioroform, methylene chloride, dichioroethane, toluene,
dioxane, chlorobenzene, xylenes, or the like. After the reaction is complete,
volatile components may be stripped off. When a diluent is employed, itis
preferably inert to the reactants and products formed and is generally used in

“-an amount sufficient to ensure efficient mixing.

In the preparation of polyPIBSA, improved re's'ults are obtained by using
PIBSA or polyPIBSA as a solvent for the reaction.

In general, the copolymerization can be initiated by any free radical initiator.

Such iniﬁators_ are well known in the art. However, the choicé. of free radical

“initiator may be influenced by the reaction temperature employed.

-28 -
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initiator can be brought together in any suitable
manner. The inportant factors are intimte contact of
t he hi gh nol ecul ar wei ght ol efin and aci dic reactant
in 25 the presence of a free-radical producing

"material. The reaction, for exanple, can be conducted

HhePprlefdrfdy ﬁ&é&&dﬁbéﬁﬂﬁi‘hgtdré‘ eré i psrekieLtype posngdtization

olefinis added initially to a mxture of acidi
rimitiatons and iting tazmtscne poliMeszatian indiatense Ragiayan sancisl 8f

é’(f‘r‘?‘g hl@hefr H?dg?%tg)% ﬁeacﬂoant er tmer:r:tnlt l/gl Sr t he

reactants may be combined in other orders; for 30
exanpl e, acidic reactant _and initiator .

t
R nbesKisyaP e gHIcD IRt ¢4 bhergaE pLNOTgNIC, the' °

SR o GRII D08 IRl 4 g i

varidRC Rt sl frorremevgx‘oupfcoasrsbng pbhydrbgehangrasyueganic

to a recover t n or, to other ctors in -30

sorrel B Reandii ¢t beorgrine radiEAs ultetarb iy ighragarbon.
ﬂdm%ra@u%i?%t‘%mgo‘if%ﬁéd Miptigidhtd Becthiaghalogens,

dlefin1s added initially to the
raacpmferrad@ercmdest ineludeidiitert:beityd peraxida diquiayl peroxide, and
initiator are. added gradually over tine. The
r SAB I HAYIRGEOMf€o suitably take place in a coil -type
reactor where the 5 conponents are added at one or
more points along the coil. ﬁ (iii) In_on
eammme@mf othersitabierperexideanvhichiin mvr,awedlrwéag b';fﬂ%lde

PeRSE brmkly: Bl e et BRI RERONA )1

cauaﬁiwm@ebtrem@pr mgmtnﬁr {estigydayl mdufptemmfrdewmnerﬁe ) or
copo I 0 con a 1 ng copol yner
(hydr@pewgsfﬂ ﬁ)rlﬁéiet)(l iPeyOdde; %r&frl(*\)&ifqper% fon-free

B GO i T A R

‘ Copolymer (|||) A process for the preparat|on of

20

25

30

olymer (iii) is descri

HA PP EBrTYP@ EOmPOUNGS; évp'ﬁag gﬂta‘%’ﬂ‘ a@ﬁﬂsfzeé'é'somyéﬂn'@e are

| hglrsS'vVell m&%@trggrcggpm%%ﬂr@frﬂé@%% Mhebé %z@'ddnﬁ;ﬁmhds can

pr.ocess ste ove, any unreact ed ol efin,

: gbeeie:ﬂhéd ashieoseohavihg possend in the molecule group —-N= N wherein the

balances are satisfied by organic radicals, at least one of which is preferably
attached to a tertiary carbon. Other suitable azo compounds include, but are
not limited to, p-bromobenzenediazonium fluoroborate; -
p-tolyldiazoaminobenzene; p-bromobenzenediazonium hydroxide;'
azomethane and phenyldiazonium halides. A suitable list of azo-type
compounds can be found in U.S. Patent No. 2,551,813, issued May 8, 1951 to
Paul Pinkney. |

The amount of initiator to employ, exclusiveof radiation, of course, depends
to alarge exient on the particd!ar'.initiator chosen, the high molecuiar olefin
used and the reaction conditions. The initiator must, of course, be soluble in
" the reaction medium. The usual concentrations of initiator are between
.29 -
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olefins, i.e., the beta-vinylidene, that do not react
readily with the nonoethylenically unsaturated C3-C28
nonocar boxylic acid or ester ‘thereof, or 25 C4-C28

di carboxylic acid or an anhydride or ester thereof,
under free radi cal conditions, are reacted mnth

BB RSP e 5 o5 e SR e

B HY HehWEeP 0. 088 £and loereef . under thernal

conditions, i.e., at tenperatures of about 180C to
280C. These conditions are simlar to those used for

3@5{@&&@ iggtécgrb Ft.{rﬁ@éraﬁfrgt @ssr plrsg@‘:tﬁ%@% I?lagalis)ltb\‘eak b&WS the

galtidtorgy @Po@&;esthbfdmtréd diedradbas. For egxap, eusld:gﬂaenzoyl
Patent No. 6,156,850. -31 Optionally, a solvent gaz
u@regee etsdha.l@%ﬂov,etheﬁea@t@&ctemﬂ%at% gan gdatyren about 75°C

S5k Sy . BREREN DA R8s iy e o
nlefmes &amyemmrds s:anlbe?empbyad,l alsuitatdabread range ofiegiperatures
i pebresmebial 2R Ciantt S RebG iB Ry EsdEraratres
r@é\g\,telegréb \/\}156% aﬁ@%oﬁ?q‘ﬁ@"d.hat the solvent nust also

be one in e resultant copol yners are sol ubl e.
Sui tabl e sol vents incl ude liquid saturated or aromatic

L0% Reing Pt ooyl sltadiBntlo RRNAR o 88Rpnt n o faui

, Saweawess@ré@aaﬁ &l@er@fd?é'v@@ﬁb@%@n%@éﬁﬁ@mrmmg

from1l to 5 carbon atons per nolecule, preferably

 f 1@rpsigtas highedr b@trihetmaferreérpreﬁwe@atmogghenq quid" is

meant |iquid under the conditions of polynerization.
In the di hal ogenat ed hydrocarbons, the hal ogens are

- PTRé esadiby tidfe RAALHY SuffioRird & rediuttis th@subétahﬁ@twﬁomplete

neant F, C and Br. The anount of solvent 15 r]u
seRIvertiar of thecagidigireastepband Bigébmale@UIaéa@la*ﬂﬁo ﬁﬂit%l gh

A@%ﬁﬁ%QF Th\@_?ﬁ%ﬁorﬁ){lne |$ 5 ﬁ%ﬁggieiwg ven s %fg?]{n’s' #fth
Npleferddireastiog imed iedtiveen® snd 18bbyrdet ween 1: 1 and

100: 1 and is preferably between 1.5:1 and 4:1. 20
Sui tabl e sol vents include the ketones having from3 to

A ORI ol eI SR i zaton
reaction. The high molecular weight olefin, acidic reactant soivent and
initiator can be brought together in any suitable manner. The lmportant factors
are intimate contact of the high molecutar weight olefin and acidic reactant in
the presence of a free-radical producing material. The reaction, for example,.
can be conducted in a batch system where the high mOI'ecu!ar weight olefin is
added all initially to a mixture of acidic reactant, initiator and solvent or the
high molecular weight olefin can be added intermittently or continuously to the |
reactor, Alternatively, the reactants may be combined in other orders; for -
example, acidic‘reactant and initiator may be added to high molecutar weight
olefin in the reactor. In another manner, the components in the reaction

" mixture can be added continuously to a stirred reactor with continuous

removal of a portion of the product to a recovery train or to other reactors in
| -30- |
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1 to 3, carbon atons. Exanples of suitable solvents

i nclude, but are not limted to: 25 1. ketones, such
as: acetone; methyl et hyl ketone; diethyl ketone; and m
et hyl i so b utyl ketone; 2. aromatic hydrocarbons,
such as: benzene; xylene; and tol uene; 30 saturated

di hal ogenat ed droocarbons, such as: .dichl.oronget hape;, -
i8IS AL BRI BECAREH LR carod ol ina batch

prothdy, WHRRSIRARE hlgh]méréébléfﬂ WRigRidIeNIeis added initially to the

-di chl oroet hane; br onopr opane; -32 -
1 reachOb,ramblﬂmBO soe eptdx: @aatamt and-te mitiatpr preo@@d&ﬁ, gradually over

1t§n%: orog ggﬁglso :iw h{ﬁt%'kor raﬁ}g&gbtgﬁgreaotorwhere the

hsHEnbs aRVAGIS atlorfe 6:* tbubﬁé‘fp@m[ﬁ alBAg thaadil.
1 5-di chl oropent ane; or . mxtures of the above,

such as: benzenenethylethylketone The copol yner is
cqgégﬂlﬁgptm separated from sol vent and any unreacted
nt by conventional procedures such as
phase separation, solvent 10 distillation,
precipitation and th like. ired, di sper si n
adBe YRBPYMEnbd mfgamtgw 'w@éﬁla%%ﬁ@ gqpotymer

(R0 oy BT R R P B [P o (0 m 2

I aagt- ’mae réah):alcnatalyzed raagtige nreﬂ"@l prespnepaf eapdiymer (i) or

ehanr G Pphh: 0By TR Granars e G ha ot or

ot hﬁftﬂ%ttﬁ?@cr{%ﬁiﬁfréé ?é?jicé cﬂtalzlriéds}eaeﬁér?FFodﬂ%t of compound (i)(a)
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3,361 an equal 'y well-known chlorination
prarskeampeerd (iMbyor (IXF)S. Patent. No. 3,172,892), a
conmbi nation of the thermal and chlorination processes

(see, e.g., US Patent No. 3,912,764), catalytic

St PR r@tﬁirﬁomgﬁcﬁﬁm@ﬁ ”820 (see, e.g., -U S. Patent Nos.
3,819, 660 and 156, 8 and free radical processes

(see, e.g., U S Patent Nos. 5,286,799 and 5, 319, 030) .
Su,& IBrocess for the preparation of copotymer (iii) is descnbed for example, in .

Harrison, et al., U.S. Patent No. 6,451,92_0, which is herein incorporated by

~ reference in its entirety.

~ in process step (a) above any unreacted olefin, generally the more h:ndered
olefins, i.e., the beta-wnyhdene that do not react readily with the |
monoethylemcally unsaturated Cs-Cps monocarboxylic acid or ester thereof, or
C4-Cqg dicarboxylic acid or an anhydride or ester thereof, under free radical
con‘ditith, are reacted With monoethylenically unsaturated C3-Cag '
monocarboxylic acid or ester thereof, or C4-Cogdicarboxylic acid or an
anhydride or ester thereof, under thermal conditions, i.e., at temperatures of
about 180°C to 280°C. These conditions are similar to those used for
preparing thermal prdcéss PIBSA. 'Op_tio_nally,.this reaction takes place in the
presence of a strong acid, such as sulfonic acid. See for example U.S. Patent
No. 6,156,850.
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conpositions include one-to-one nononeric adducts
(see, e.g., US Patent Nos. 3,219,666 and
3,381,022), as well as high succinic ratio products,
adduct s havi ng al kenyl -derived substituents adducted
with at least 25 1.3 succinic groups per

ROSERATSANE RAP BUPTh S8R Fteant ThRL SRy

- Galvepenfusobe one WHnem ﬂ'%bbwealbmh fHeJmmhlrgbctant and the hlgh

met hyl vi nyl i depe pol ybutene as di scl osed in
maelerylanweioht eipdingbds negesmrnstapliseelye th%ﬂ?léwﬁ@?tant and

High? R IArWdiort olBiH 80'%sM0 brifgdAdmRR h@hald CorfasiEn the

succ nic ratro is han and I n
36htRapdiymetitwionasactiosh étr east beersfouaiirihat thatsiobveing must also

reater tha ur opean lications EP 0.602 863
e engviigh s EsuTHA e PRRATE SPIE, 553 417
di scl ose a -33 procedure for washing out the

pol ymal ei ¢ anhydride resin from pol yal kyl ene succinic
Hitlitatita sdvente paolede iquidnshiugatedeartaromiatio hiydwearbons having

Bt b2y BRI M BE i RS Ealee i

n@hma\tu&a@é@awmm@g&y el $gdfdcamdtsdfaving from 1 to

net hgl vi nyl i dene tene is that it can be
pe@tess Rf rrmlwle rr:é@fecsablwﬁnm itrie 3 aaripn piaras per

%Ie uigﬁéxf‘ﬁ’%ﬁ e@%@@%ﬁ%qmd%ﬁﬁderrqﬁ%BBIHéflﬂJ)r‘fserptﬂﬁﬁerEgtion in

e ran
lﬁ@afr&%zjbln?@éj hmgy@nj@ﬁaeeme imlog?@nmeqirbﬁeﬁ'@iblyfoﬁ.ra@d%ém
range I s | S pat a ches t t he
SaEomatenR Symhglodery s mgasy, cﬁsh@reds gaﬂef@ noypt ¢ é&%\fent
Indst b@lcH that ft Bﬁlii QiSBRY tﬂ (ﬁé réﬁéarlﬁ kene H%Iaégﬂarm

groups per equivalent weig erive
swﬁighﬁ dlefimin gaditign td\)lhsetresp!tlag eopblypners HEnesvmlomei ratio of

Phisny 0 BlghanaiBcU B bl s Sl Benbeen Ackdnd 4agit and

|,§ réfey%blf@éﬁ}@en"‘l% 162rRP9-1930. Typi cal al kenyl used in
th e prepdaration are 15 ethylene and 1-butene

copolynmers. (B) The Ether Conpounds In one enbodi ment

Rl P03 ol M i Rlon e Rl R ol dmioioauhon AR gne

tHe sﬁﬂﬁgﬂealdméru%@a m{fadro%lé'rlﬁfﬂﬂ! Ravigd i ¢ TBOMIES preferably
include, but are not Timted to, thefollovmng
110 3, carbon atoms. _

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

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

methylisobutylketone;

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

3. saturated dihalogenated hydrocarbons, such as: dichloromethane;

dibromomethane; 1-bromo-2;chl'oroethane; 1,1-dibromoethane;
1,1-dichloroethane; 1,2-dichloroethane; 1,3-dibromopropane;
-32.-
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Pol yet her Pol yam nes 25 Exanpl es of suitable

pol yet heram nes i ncl ude conpounds having the

followi ng structure: H2 1 o-CGHNHR -34 wherein R, is
i ndependent |y hydrogen or a hydrocarbyl group having I
to 4 carbons, and n is the degree of polynerization.

Cener.ak Iy —cﬂfﬂ‘I: Th 1 ' e for use

in theh’grcgéébﬁ?éﬁ}hégé}%e%% W i co%%ﬁ%c%@‘éaést about
one et h@rdichibtoprepaies riabldichloroprogplaas; 1,.3-diohlebopropaneé;
nore prefera from about,10 to 50, and eyen nore
o1 e of KT TSIGBRIPPA o2 ST BS RPN 5 IR TG SaEe:
pol yet5%1@ai¥@m(§§é,_t§r%l dve based on polyners derived
from C2-C6 epoxi des such as et hyl ene oxi de, propyl ene
oxi de, and butyl ene oxide. 10 Exanpl es of polyether

pel yam nes are.sold under the Jeffam r rand and
e oM Rl 157 Bbart anice % b herametyidphel on

| ocated in Houston, Texas. Other exanples of suitable

pol yet heram nes i ncl ude pol yoxytetranet hyl ene 15
p&he sapakMEs iperm@siandlyi separaied fiom selvaat ard apy yneeacted

e G DN el

mdiztitatione pheipitalion wmidt th & [ikEolf iebinet, A peesingragentts ued/or

Furthernore, the copol yner reactant nay be reacted

wEe SOl epta ay perusssl HBIngtbeeaeli® or ani no thiol .

Pol yet her Ami no Al cohol
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 processes 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 chiorination process (see, e.g., U.S. Patent.

No. 3,172,892), a combination 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 (seé, e.g., U.S. Patent Nos. 5,286,799 and 5,319,030). Such
compositions include one-tol-o-ne monomeric adducts (See, e.g., U.S. Patent
Nos. 3,219,666 and 3,381,022), as well as high succinic ratio products,
adducts having alkenyl-derived substituents adducted with at least

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

Poiyal’kylene succinic anhydrides also can be produced thermally also from
high methylvinylidene polybutene as disclosed in U.S. Patent No. 4,152,499.
" This process is further discussed in U.S. Patent No. 5,241 ,003 for the case

where the succinic ratio is less than 1.3 and in EP 0 355 895 for the case

. where the succinic ratio is greater than 1.3. Eurbp‘eah Applications

" EP 0.602 863 and EP 0 587 381, and U.S. Patent No. 5,523,417 disclose a
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Typically, amno al cohols may be forned when the
al cohol end groups of a 30 conpound are not
conpl etely converted to ami nes during reactions, such
as reductive am nation. Also, one nay initiate a
pol ynmer chain (i.e. grow 35 propyl ene or ethyl ene
I .
ﬁoggéi%{? @E\é@%ﬂ%@ BU@/F@J”%G%%&&FJ@% ?eJﬁ?YrSrrf"?olXalk}/[)ene

agutcirtic ahbpdvie pmpmew&om kigh amethplivinglideneepolgblienenA
the nplecule with

SR VaRY! snséweweﬁ"ﬁlm%ﬂgew%ranvgémwaﬁﬁa@m@o'ﬁﬁﬁ%ﬁmed One
giﬁé{\kaﬁﬁa._%é@f %C%Wl%ﬁ%u%h%rﬂl{yﬂnd&rdﬂ@ hidieMethyivinyictRe

wher ei n IS

i polgipginders that & day\obeagapamd byshndioly lfxyale eroblqjlneh k% rigatent
1,to

byt 2ie e BAthes R et Wihe i deRiad supstipent aroup with

ah aphiAlite rartd bl 500-8200! ForipdiyiifefSE SRs PRtk tpréfrred M,
will contain at |east about one ether unit,

praageria B 901246% Abiswratent asatrachesdioat thesscpininiges syst have

7 shbdlstrobr BBkl T3° thaP; wERe sRYF SREQIeRoe] 3R
ng]ro‘ﬁzplstpéb|e@|u%Ierﬁwwgfﬂmfmlﬁkmi@o(ﬂ@rmeﬂcéumwent group. Most

¥ox t et ranet hyl eneami no al cohol conpounds havi ng
t ﬂ@ §rg ly@W%aucozrqu%w‘é be fmm%@&t?:? 3.

Other suitable alkenyl succinic anhydrides includes those described in -
U.S. Patent No. 6,030,930. Typical alkenyl used in the preparation are

ethylene and 1-butene copolymers.

(B} The Ether Compounds

In one embodiment of the present invention, the copolymer is further reacted
with an eth’er‘compound capable of linking two succinimide groups. Suitable

ether compounds include, but are not limited to, the following:
Polyether Polyamines

Examples of swtable po!yetherammes include compounds havmg the

followmg structure:

Ha ' He Hp
HoNrmre G G Qe G G O——C—— G——NH,
) H H H
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O n-1 wherein n is the degree of polynerization. 25
(CH2)4 O (CH2)4' O (CH2) 4- OH - 36 Pol yet her Am no Thi ol
Exanpl es of suitable polyetheram no thiols include
conmpounds having the following structure: 5 Rl HZ I
OCCSH Hwerein R is independently a hydrogen or

hXﬂﬁé}‘éﬁ{ﬁ}’ls Iﬁaﬁ;gé}ldzégl? ﬁgrdﬂ?‘no h&c%l?gﬂiﬁzl be‘ﬂxprhévﬁwd %o

degree of exa
sul cal‘bbas,panQIeummeajngnee oh pollymarlzatlmie:‘aeneraily the polyether

pol yoxyt etra Ieneam othlol havi.ng the follow ng
PR igS SR DEs SRR cups e il Bopin &je88: about
N-chel&heMifi %r@feﬁ‘albl? floR¢ aBsel £ 9$omqlonnﬁ{dré aréfaPably from
General |y, t'he polyetheramno thiols suitable for use

i rabciié 1@rte§:éntancﬂ svenmae preferably foraapoett 19 ‘@G@OL&B&Lﬁther
one.ether unit, preferably fromabout 5 to about 100,

2d’ rIlr‘ﬁre preferably from about 10 to about 50, and even
nore preferably from '

The polyether polyamines can be based on polymers derived from C,-Cg
epoxides such as ethylene oxide, propylene oxide, and butylene oxide.

. Examples of polyether polyamines are sold under the Jeffamine® brand and
are commercially available from Hunstman Corporation located in Houston,

‘Texas.

Other examples of swtab[e polyetheramines include polyoxytetramethyiene

polyamine compounds having the following structure:

HzN—(Hzc)s—0"‘6(0"'2)4'O}‘(CHz)rO'—"(CHz)s—NHz
n-1

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

units).
Polyether Amine Derivatives

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

alcohol or amino thiol.
' Polyether Amino Alcohol

Typically, amino alcohols may be formed when the alcohol end groups of a
-compound are not completely converted to amines during reactions, such as

reductive amination. Also, one may initiate a polymer chain (i.e. grow
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hydrocar byl group, havin

sui tabl e pol yet he

10
~ wherein Ry is independently a hydrogen or hydrocarbyl group, having 1 to

about 15 to about 25 ether units. Ether Pol yam nes
Ether Diamnes 5 In yet another enbodi nent of the
present invention, the copolyner nay be reacted with
et her diam nes. Suitable diamnes are reacted with the
copol ymer, such as decyl oxypropyl -1, 3-di-am nopr opane,

i sogg@écﬁf Qgr opy%'d% gblgl:%ﬂ;ngﬁg@?@%ﬁﬁ and therefore have an
dardioydr ore eadet iHeopglpmepyhai, (Bedn&:atmband) paragohol terminus,

| Sahaa B HRbap s e U SRR e et her

Pol yol 15 In yet. anot her enbodlnent of the present

i nvention, the copolynmer my be reacted with a
pEk@mpberof suitatle polygtheraming elcoholstipeuds ghreeyngs dapikg the
Pi orm .an,ester. The pol yether polyols have the _
OIS Y et ure: 20 21 | -G HOGCOH/n H2 |
OCCOH HWerein R is independently a hydrogen or

1to 4 carbons, and nis

t he degree of polzneriz tioT 25\t her exinples of

pelypl s |ncI}q12e " H,

pol yoxyt et r apat-hyt-ene —ﬁtrehoms t hose
referred to as Tefathang(r) W\lmc may be .

n

4 carbons, and n is the degree of polymerization. Generally, the polyether
amino alcohols, suitable for use in the present invention will contain at least
about one ether unit, preferably from about 5 to about 100, more preferably
from about 10 to about 50, and even more preferably from about 15 to about

25 ether units.

Other examples of suitable polyetheramino alcohols include
poiyoxytetramethyleneamino alcohol compounds h_aVing the following

structure:

HzN‘(Hzc)s‘““O‘{(CH2)4'O>"(CH2)4"O_“(CH2)4"OH
| n-1

wherein n is the degree of polymerization.
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pur chased from DuPont Corporation, WI m ngton,
Del aware, having the follow ng structure: HO (H2C) 4 0
(CH2)q 0 (CH2)4-OH nl1 wherein n is the degree of
pol ymeri zation. 10 Suitabl e polyether polyols include,
but are not limted to, the follow ng:
PPhye ﬁ*ﬁyﬂyrgq%kglycol, pol yoxypropyl ene glyco

ene glycol, and polyoxytetranethylene
glycol The nol ecul ar wei ght of the presently enpl oyed

P ol w1, generall.y . range fro out
B Sty B8 PR s At S e PRl e
2ffiBwirlgedtRIchbrey, the pol yether conpounds suitable for .
use in the present invention wll contain at |east

one ether unit preferably fromabout 5 to about 100,
nore 20 preferably fromaboyt 10,to about 50, and even
nore preferred fr%n1abo t t o \about 25 %ther units.
Generally, the pol yetlher conpoulds sui Habl e for use in
the present HNverfiiof Ry te derfRea-Frongons one
ether type or a m xture\of ether types, such as 25

pol y(oxyet hyl ene- co- oxypy opyl eney di amne. The m xture
of ether units may be block, ranfom or alternating
copolyners. The presently enployed ether conpounds

are capable of reacting with at |east two carboxylic
avherain fupsingependentiit 3 bedgegenvatydesartnd gsep, having 1 to

PO SO PRl AL 0o

pol yet her am no th| ol s, polyether polyols, or ether
diamines to forma mxture of imdes, am des and

e Sthqreexamples ofgyitablepaivgthesamingthioh Inciideddi tion to
t Eﬁly@%ﬂ@fraﬁ]‘é éHl%rn‘uh thopﬁ%\x\ﬁgﬂ%fo'ﬂ&gt LfSeture:

yam ne derva er polyol,
et her di mai nes and ether triam ne)

HzN—(Hzc)a—O‘é(CH:z)zr09‘(CH2)4—0—(CH2)4—SH
, - /n-1

wherein n is the degree of polymerization.

Generally, the polyetheramino thiols suitable for use in the present invention
will contain at least about one ether unit, preferably from about 5 to abdut 100,
more preferably from-about 10 to about 50 and even more prefefably from
about 15 fo about 25 ether units. |
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above, the copolyner is also reacted with at | east one

am no aromatic 10 selected fromthe group consisting

of (a) N-aryl phenyl enedi am ne, (b) am nocarbazole, (c)

am no-i ndazol i none, (d) am nonercaptotriazole, (e)

am noperim di ne; and (f) aryl oxyphenyl ene am ne.

REREE PR Lo aromatic conpounds are descriped as

f X ) an N-aryl phenyl enedi am ne represented

by the formula: Rl H Aryl-Nin which. RL is H, :

--@Hagyl .- NHal karyl, or a branched or straight chain

r Pt arH 'rgng from4 to 24 carbon atons that can be

al kyl, al kenyl, al koxyl.,, aral kyl or alkaryl; R2 is

--NH2, --(NH(CH2)--n)--m NH2, --NHal kyl, --NHaral kyl
5 _In@ep anotheylembadimentofithe gliesend invaniiodchermopslyinerangy be

dleReRegh Vit g G s St B ine Sl pached Rthe o,
ceggoymart, @Bh aBaleklionysriobyl-pRedigmirtspropane, o
N-aryl phenyl enedi am nes are N phenyl phenyl enedi am nes

- (IRpREsOxyPreRY-ExERANEINORIOPABAY | - 1, 4- phenyl enedi ani ne,

= A and
H:Sp@%%yl%@f%ﬂ%ﬁiﬁngﬁgﬂbgﬁnﬂoﬁgne’and N- napht hyl - 1,

10  4dguteeniietaddtpokymrop @t hardigninppropese, of NPPDA - 40 nay
al so. be included, _such, as N am nopropyl -N
-'Bﬂté'ﬁlﬁPwﬁéYWPQ)ﬁlehﬁéﬂ?rﬁ@()p(%‘)a%ﬁ nocar bazol e
r Hhe i nahd Which R and R1 each
| t%gggéﬁ)ﬂ%%rgﬁy Y ',?dfa%ﬁb‘;h@gah@.

y Tepresent rogen or an al kyl or
al kenyl radical having froml to 14 carbon atons, 10

( an am no-i ndazol i none represented by the fornul a:
B R P,

is hydrogen or an al kyl radical having
15 from1 to 14 carbon atons; and

In yet another embodiment of the present invention, the copolymer may be
reacted with a polyether containing at least two-hydroxyl end groups to form
an ester. The polyether polyols have the following structure:

20
R1 R‘; R‘l
| Ha l H Ha
HO—C—C—+4+0—C—C—-0—C——C—OH
H / H
N
Wheréin Ry is independently a hydrogen or hydrocarbyl group, having 1 {o
4 carbons, and n is the degree of polymerization.
25 -
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(d) an am nonercaptotriazol e represented by the
formula: SHN5 /N (e) an am noperi m di ne represented
by the formula: NH2 N) NH 10 in which R represents
hydrogen or an al kyl radical having from1l to 14
carbon atons; and (f) an aryl oxyphenyl eneam ne

C or . : i . . | ,
R eS8 Y Bl O B efher ottt bl et ombhyiene
r polyodboinaounds, fsuoaé those defemed dmaailersththe® wideh breay be

| kyl I I | I | kyl | k l; R2.is
?PH :asngF 4 @qﬁO?‘lI E%?g%ﬂﬁ&%ﬁﬁ,ﬁ%&pglg%r%,havinlgsthe
- foURViRY Ktlietukd Whi ch n and ‘m each have a value from1
to 10; and -42 R3 is hydrogen, alkyl, alkenyl,
al koxyl, aral kyl, or alkaryl, having from 4 to 24
carbon atons. A particularly, preferred

- aryl oxyphenyl eneam ne is 4{phenoxyaniline. 5 Method

~of Making tIF-R)_LHjPa??c}C@LL ' l@?ﬁjﬂ'?n

e sikipn The
| ubricating oi l ftive co isggfggargbpby a
process conprising charging the reagtant copol yner
(e.g., at least one of copolyners (i), (ii) and (iii)
as described herein) in a reactor, optionally under a
nitrogen purge, and 10 heating at a tenperature of

f Méleraipduis the degapiralymeteatiaet i onal 1y, a  dil uent
oil may be charged optionally under a nitrogen purge
in the sane reactor. Both an ami no aromatic am ne and
a Seiithbie muiystaer pelyolspotiyeéd Hartame met lipiky &1, Hiee fotiovneng:

derjvatiye and/or polyether polyol are . charged,
oPElBRUP T Ie Yok RV RgErP iR alvoslo polERvtuiiehp alycol, and
ThishoXtetiabtathfene glycol.

- The molecular weight of the presently employed polyether polyol will generally
15

range from about 150 to about 5000, preferably from about 500 to about
2000.

GeneraIIy,‘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 usé in the present invention
may be derived from only one ether type or a mixture of ether types, such as
poly(oxyethylene-co-oxypropylene) diamine. The mixture of ether qnits may
be block, random, or aitérnéting copolymers. The presently empioyed ether
compounds‘a‘re capabie of reacting with at least two -carbdxylic a'_cid groups or

anhydride derivatives thereof.
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15 heated under a nitrogen purge to a tenperature in
range from about 130C to about 200C. Optionally, a
vacuumis applied to the m xture for about 0.5 to
about 2.0 hours to renpve excess water. The
lubricating oil additive conposition can al so be made

i ng
SPbRealv R Epagael rilPa P4 T IR 6 oisiRED
(ﬂd]yém[rﬁbﬁfw@yﬁmer arrmnmalooh?m pelyeﬂued atrtieo d’ublsr polyether

oun ich consists of at ne of

&qtyﬁgg*@retb%r @;gmlr}pés torf@m)@t rpp@giur af segﬁgqjes and esters.
pol yet herani no thiol, ether polyan ne and pol yet her
pol yol ) at the desi red ratios into the reactor. One
oiCYramimodkrottadiciResactaitt s can be charged at an 25
el evated tenperature to facilitate m xi ng and
reaction. A static m xer can be wused to facilitate
N deitid tolthe etifaCormbsurds(i. Ehgalyather B@Iyﬁﬁwlﬁ@ AIpstheo
the reactor. The reaction is cafried out for about 0.5
‘tpolpamingr derivative tpatysthat pelyol, ethemdibeines eed@ther eoune)

%éév%?ﬁ*%%ee%ré%%ﬁ‘é% (83 Bl RS hEREbB Beoyate e
I sdlb&te@ffrop®t apm@mmg@rr/@)tmmpmml@t%dmﬁne/e :

~and/ or. pol yet oI yol to nonoethylenically
Lﬁbslamuaeﬁeeaa@edz afrinlazelinenes ( ralnoarereepfértrlaﬁole

(1) GRIRERHERE, e ko B ner S T 6% 0 o1

even rmre preferred the ratio is 0. 35 to 0.20; nost

eferr the ratio is the rati o of
Db ierrad Simig 8ras AT oY e B e Tian BaiTplwe:

unsat urated C3-C28 nonocarboxylic acid or ester
thereof, or C4-C28 dicarboxylic acid, anhydride or
elster :im;l\l@arg@heoyl@nedtanrri‘oeee;pnee&eﬁedély,therfermlaitat o is
0.40 to 0.20; even nore preferred, the ratio is 0.35
to 0.25; nost preferred, the ratio is 0.33. 10 In one
enbodi nent of the invention, th

catal yzed reaction producﬂiof onp d (i)(a) and
conpound (i)(b) or TIYTEY ™Rk is gontacted with

ei ther copol ymer (i) or copoly J' ) or both, may be
contacted in the presence of conpgnent (C) (i.e. the
aromatic anrne) prior to the additfen of

| in which R is H, --NHaryl, -NHalkaryl, or a branched or straight chain
radical having from 4 to 24 carbon atoms that can be alkyl‘, afkeny!,
- alkoxyl, aralkyl or alkaryl; Rz is ~-NHj, --(NH{CH2)--n)--m NHa, --NHalkyl,
—NHaralkyl, —CH, --aryl--NHa, in which n and m each have a value
- from 1to 10; and Rz is hydrogen, alkyi, alkenyl, alkoxyi, aralkyl, or
alkaryl, having from 4 to 24 carbon atoms. Particularly preferred. -
N-arylphenylenediamines are N- pheny!pheny[enediamirles (NPPDA),
- for example, N-phenyi-1,4- phenyienedramrne
| ~ N-phenyl- -1,3- phenyienedlamrne and N- phenyl -1,2- phenylenedramrne
~and N-naphthyl-1, 4- phenylened:amlne. Other polyamines of NPPDA
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conmponent (B) (i.e. the ether conpound). 15
Lubricating G| Conposition The lubricating oil
addi ti ve conposition described above is generally
added to a base oil that is sufficient to |lubricate

~nmoving parts, for exanple internal 20 conbustion

ur § ooy it Be 1R Red BB oA N TaepdBUER, | nvent on

~ conpr i $englphenglensd@auiiheof oil of |ubricating

viscosity and a mnor anmount of the lubricating oil
additive conposition. 25 The base oil enpl oyed may be
apy of 5a: WM. de ' i .cating
v@cos?[?’w&%ﬁ%é@%gé%?g&g?a @65%5@%@ Vi scosity used
in such conpositions may be mneral oils or synthetic
oils. A base oil havi a viscosi of at least 2.5
cSt- at 40C and a ' : preferably at
or below 0C, is i . base ai}sNWay be
derived from syn ' I sour;%s. 30 M ner al
oils for use as t© i1 1 n\ithi s~ gention

i-ncl ude, for exdp i ni thepic and ot her .
oils that are ordinarily cating oi

conposi tions. Synthetic oild¥include, for exanple,
bot'h hydrocarbon synthetic bils and synthetic esters
and m xtures thereof havingHthe desired viscosity. -44
Hydr ocarbon synthetic oils may include, for exanple,

oils prepared fromthe polynerization of ethylene,

pol yal ibhaloichfR andR'rmohdndenensiendy represeplhystiogemar an alkyl

o BB BHRSENARA AR 530 Lok, e, o O

process. Useful synthetic hydrocarbon oils 5 include
l'i qui d pol yners of al pha ol efins having the proper
v(rgc osfR pMipgradazalingne (ersesentad ®ythe ferpafagenat ed
liquid oligoners of C6 to Cl12 al pha ol efins such as
1-decene trimer. Likew se, alkyl benzenes of proper
viscosity, such as didodecyl ne, can be used.
Useful synthetic esters i _eBtiers of
nonocar boxyl i ¢ aci ds and po lic acids; as well
ol s. Typi cal
exanpl es are di dodecyN. adi p ntrReryt hrit ol
tetracaproate, di-2-eth & xyl adi pat e,
di | auryl sebacat e, . and the|like. Conpl ex

H

in which R is hydrogen or an alkyl radical having from 1 to 14 carbon
atoms; and
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esters prepared fromm xtures of nono and di carboxylic
acids and nono and di hydroxy al kanols can al so be
used. Blends of mneral oils with synthetic oils are
al so useful. 15 Thus, the base oil can be a refined
paraffin type base oil, a refined naphthenic base

ol, 0 LEvdr , - arbon oi
301w BfiRheIRbP BB gl BV 3 RS, 0.,
m xture of mneral and synthetic oils. 20 Method of
Use of the Present Invention The lubricating oil

addi tive conposition of the/pr nt-AfRention is added
to an oil of lubricating

{ scosi tly thereby producing
a lubricating oil cogpoy

| ubricating oi
conposition contacts the npr ovi ng
di spersancy. 25 Accordi ngl esent invention is
also directed to a nethod o oving dispersancy in
an internal conbustion engine which conprises
operating the engine with fhe lubricating oi
conposition of the invention. The foll ow ng exanpl es
are presented to illustrate specific enbodi nents of
30 this invention and are not to be construed in any
way as limting the scope of the invention. -45
EQAVPLE S o Friiaapdrinidlinker repersainteanby theliermpalay mer
(Copol yner (i)) 5 2513 grans of high nethyl vinylidene
pol yi sobutyl ene having a nunber average nol ecul ar
wei ght (M) of about 2300 angh,a net hyl vi nylidene
content of about 78% (whichl is available from BASF as
dissopal (r) 2300) was chariged to a 4-L reactor
equi pped with agitator, erafyyre controller and
over head condenser and rdceiver} 27.3 grans
1- hexadecene was al so o the reactor, and the
SQC. Traces of
noi sture were renoved rging 250 scnB/mn
ni trogen through the goott an hour. After
dryi ng, the nitrogen we =20 fe reactor

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

14 carbon atoms; and

() an aryloxyphenyle'neamine represented by the formula:

in which Ry is H, ~-NHaryl, -NHalkaryl, or ranched or straight chain
radical having from 4-to 24 carbon atoms that can be alkyl, alkenyl,
alkoxyt, aralkyl or alkaryl; Ry is --NHz, —~(NH(CHz)--n)--m NHz, --NHalkyl,

" or --NHaralkyl, in which n and m each have a value from 1 to 10; and
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head space at a rate of 30 scnB/mn. 178.8 grans
mal ei ¢ anhydride and 16.4 grans di cunyl peroxide in a
50% solution with toluene were fed sinultaneously to
the reactor over 2 hours. After the mal efic anhydride
and dicunyl peroxide charging were finished, the

t enmper at a

anot nels S Eydibabl kel huy Bhoplob Rl A5G Ry BRSInGfom
Dur i ng4ttdje4h@m¢mgtcwﬁs.tﬁhpantneamiyrp,refeh@dmrymypmrvmeam:ne
gradual@cil | onered to 20 mm Hg when the tenperature of
the relfct-eher@a@nii®e180C. The tenperature was hel d at
190C and the pressure was held at 20 mm Hg for 1 hour
during which 15 grans of condensate was col |l ected. The
pMediood ofibiakinodbk édibsinatirey Qil dddlitbfe 268Bogitians of

copol ynmer (i) was obtai ned. 25 Exanpl e 2 Ter pol yner

~Preparation with Post Treatnent Step (Copolyner (iii)).

6Th5$ﬂblﬂfa%gﬁ_b Al additde d@ﬁﬁb’élﬁﬂd"i‘é' ﬁr@ﬁé‘r%dﬂﬂt yi @c?éé%ﬂo@ﬁkﬁlsmg

having a n aver age nol ecul'ar weig of about
28bargingithe neectayllt aomlyma(fegc athileast 08O cxﬁfcoablgmersze%(u) and
230

(I &SB84S aRs celifedly EAERS AlrbgfiRtte, and

apbhfiPht a t@AperAinedT i bbelid 80°C RsbAter7negdOptionally, a
condenser and receiver. 733 grans 1-hexadecene was -

afusnt aliary be chargaskoptionally undand nitregesypurgedd the same

istbr” Bl 2 BYRG shpig i 86 8l BonERIR 1 ougn
t pelyetiierhmnire, pof C?reﬂb@'atmmdbﬁwtwe/ﬁrtMr plyethgr pblyel are
ni trogen was fed to the reactor space

o33 0s e Unggna HRGRN RYICS; &0 mﬁaﬂ%ﬁyﬁdﬂ'me is
gh@ dind%! trﬁtjrogéﬁﬁUVdr e 164 RO NRESn Ez?lﬁ% e from e}kl?out 130°C to

simu taneous y t eact or over urs.
t Bboub2@0°C. ﬁmmallﬂ@ mwm ﬁmmihqddodhe deixiuina fagi abput 0.5 to

the te re of the reactor was.
EbRuE AU T oV SRBRE R 5 5 hour . The

resulting terpolynmer was then post-treated by heating
from 150C to about 232C. Wen the tenperature reached
abbaetlulirkedinged. Bidithvensoropositint oan alsadielmadierusirglafroeess |

AR St R il BREFARE eilfer 0

t 1B, 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 polyarhine and polyether polyol) at the desired
ratios into the reactor. One or more ot the reactants can be charged at an
elevated tem_perature: 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 2 hours at a temperature
from about 130°C to 200°C. Optionally a vacuum is appiied to the reaction

mixture dunng the reaction penod

Preferably, the ratio of polyetheramine, polyetherémi‘ne derivative andfor

- polyetherpolyol to monoethylenically unsaturated C3-Cas monocarboxylic acid

or ester or C4-Cos dicarboxyl_ic acid, an'hydride or ester is 0.45 to 0.05; more '
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| cslmsaﬁwa

reactor tenperature reached about 232C. |Imedi ately
after charging the sulfonic acid, 3201 grans naleic
anhydride was fed to the reactor over about 1 hour.
The pressure control was set to hold at 10.3 psig. The
reactor tenperature was held at about 232C and 10.3

Bsvefbrf, tie RIS 0. 4PtolHa; EGEE MAE pPéf@ﬂ'lé@t theastie @D S to
toaten{)erature bel oleOCandthen iluted with
8

A 28pmogt preferodd, o ratisuisrhB3.0i | . This yl el ded about
119, 500 grans of oil-diluted copolymer (iii). Small
anounts of sedinent were renbved using a pressure
fFi’delf@'leb@ﬂ thdliatib ofaetng sirematid compbuad téaidricetliylesidaly

20 ExanFIe 3 Preparation of Gl Soluble Lubrica él ng

qd Ge%@oﬁp%@%ﬁ’“%@)@?%ﬁsﬁ*é eeh of Ceolp e ng

r r

Aot Cady I RUPRECR e Gs D 98 AT MRS Blotfigg the rato
The) ABich20gedepoioyeprefemedpite ratidés 025utadudn rhost preferred,
4?‘ 60 mnqujrts% In the sanme reactor, 22.5 grans of
diedet? '9¥8%as charged. In the sane reactor, 17.72
granms of N-phenyphenyl enedi am ne (N-PPDA) was char ged
under a nitrogen purge. 4.76 grans of
plol yyer epbeinent iof thedinaentien, (FPOoDATecheadiiany catalyzed reaction

R T AT BB PLat U e Shtacted
Nivithi @ERSr éﬁﬂo@ﬁnexﬂ?ﬁaﬂmﬁﬁeﬂ ) besomilntzy 565 B6htautdeh tho

ni trogen ]p reactor 1S put under a vacuum for .
1pI5SADLE ST CQMPERITIVE) ek dhe atorsatin ardie)msics to the addtion of

SRR GHEE Ry, Chor 0 oo 1 o

gener al procedure of Exanple 3, Exanples 4-7 and

Conpar ative Exanples E-F were carried out and are al so
shutkricating ©if Gompgsitiany and Tabl e 1A. Pol yner Ani ne

1CVRAM ne 2CMR Exanpl eChar geAm ne 1Char geAnmi ne 1Am ne-

2 TypeChar geAmi ne 2 (g) Type(g)Anhydri de(g)Anhydri de

Chiné: RutriCating ol additive composition described above is generally added to

a base oil that is sufficient to lubricate moving parts, for example internal
combustion engines, gears, and transmissions. Typically, the lubricating oil
composition of the présent invention comprises a major amount of oil of |
-iubricating 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 lubricating

- viscosity. The base Qil' 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 o below 0°C, is
desirable. The base oils may be derived from synthetic or natural sources.
Mineral oils for use as the base oil in this mventlon include, for example

paraffinic, naphthenic and other oils that are ordmarlly used in lubricating oil

B ‘compositions. Synthetic oils include, for example, both hydrocarbon synthetic

oils and synthetié_este‘rs and mixtures thereof having the desired visCosity; :
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3300NPPDAL7. 720. 80PPO DA 400 /nol 4. 760. 10
4300NPPDA8. 840. 40PPO DA 400 /nol 14. 40. 30
575NPPDA1. 290. 23PTMO DA 1000 /nol 11. 50. 38
6100NPPDAL. 700. 23PEO DA 2000 g/ nol 30. 80. 38

- 71004- PA4. 00. 55PPO DA 4000 /ol 36. 00..23 NPPDA:

ARIBSHYIE tﬁé‘iﬁ%lﬂﬁ'n%? indlhde, B¢ efélhpﬂ@r eﬁ’ybﬁé‘iﬁr@d fidf the
di am ne 10 PEO DA:. Pol yet hyl ene oxi de di am ne

Dpolypgirization ahethivianen polyiaiphagiediniardAQ-aita; or oils prepared from

O SR B B Rl sl SRIERA B P AR ogen

1hasaeshddd i éﬁmﬁee-ﬂ@mdkepracess Useful synthetic hydrocarbon oils
Exanpl eChargeTypeChar Anhydri deAm ne 2

Eﬂﬂrﬁ ef @ @gglqumﬁ l@ﬂl@@’f@mﬁf viscosity. Espec:ally

T e

N1 plezenk fiteey. | ekewisaalkgl baPRenBaof Palpep vigepbiéy esuckiate _

S APIOdRRY HangANG: oAt P SspaupesLOBIReHG et Fiekda e gsters of

Zﬁlcﬁ%cﬁfb%ﬁgls@éc:l%'a}ﬁ@gi *’*E B@Iﬁ@ R0 ésonﬁhéfm)d@o*y
arg

were ch to a der a nitrogen purge ‘and
habwadlstandapelpoipeT yricalexa@ima® are didedecyiadieaie ppentaerythritol

t der. ' f 45- . he,. N
 Eletabrosie di gl et adatsa o Pls2aE tonaRg 1 17G Bomplex
t BStePR PR PSS B n@xtél@sgif&ﬁ@n@énd dlcarboxyhc a01ds and mono and
N- phenyphenyl enedi ami ne (N-PPDA) was ch argtD under a

SGthﬁfQWgaélﬁarpms gan ak®. IMuge@r@emis pf)my@rﬁ it syethetic oils

,dbf'e(% ﬁL(sBFcﬁ) DA, having an approximate nunber average

ar ‘wei ght of 1000) was slowy charged to the
same reactor under a nitrogen purge. The reactor is
heated to

Thus, the base oil can be a refined paraffin type base oil, a refined naphthenic
base oil, or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating

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

- Method of Use of the Present Invention -

The lubricating oil additive composition of the present invention is added to an
oil of lubricating viscosity thereby prod‘ucing a lubricating oil compaosition. The
jubricating oll co'mposition 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.

The following examp!es are presented to illustrate specific embodiments of

this invention and are not to be construed i in any way as l:mmng the scope of

the invention.

- 45 -



10

15

- 20

25

30

was 0.39. 5 Followi ng the

-48 Table 1: Post Treated Terpolymer reacted with
NPPDA or 4-PA and pol yoxyal kyl ene di am ne of ox alk

| ene di am ne 150C under a nitrogen purge. The reactor
is put under a vacuumfor 1.5 hours to renbves excess
water. The charge nole ratio of N-PPDA to anhydride

was 0.23. The charge nol egkahps ©§ PEO DA t-o anhydride
‘g?n?rag‘procedure of Exanpl e

8, Exanple 9 and Conparative Exanples A-D were
carri'ed out and are al so rrmariz d in Table 2 and
Tabl e 2A. Table 2: Terpol Mpdst treat ment)
reacted with NRPEhaien eTEMORghEYIGElyrher gham ne
Pol ynmer Am ne 1R éAﬁane 2Cinn Exan%al eChyérgegA& ne

1Char geAm Am ne 2 TypeChargeAm e le 2

94 LA DA RACTIEE PG ST v

9&0@{'&@8%@3&@ BRRYHO(WA) BOBb@tEBI2arid A nthPEyidene content

yet hyl ene oxi de di am ne Tabl e 2A: Conparatijve

Eﬁéﬁm@STS%éwb@hyﬁ@waltaMﬁ Er@m BAS&aﬁﬁ@HﬁOﬁ@é@@@Q@ Weeh
g@g%egéﬂ 3l A%Bce,to?j @E?g?@d E regth ?BI‘@r and
ZongExaueiogn)dénMncﬂm(chAnWTdB |guh£ms 1 hexadecene was also.
charged o the reactor, and the agitated mixture was heated to 150°C. Traces
of moisture were removed by sparging 250 scm®/min nitrogen through the
mixture for about an hour. After drying, the nitrogen was fed to the reactor
head space at a rate of 30 scm®/min. 178.8 grams maleic anhydride and

16.4 grams dicumyi peroxide in a 50% solution with toluene were fed |
simultaneously to the reactor over 2 hours. After the maleic anhydride and
dicumyl peroxide charging were finished, the temperature of the reactor was
maintained at 150°C for another 1.5 hours. The reactor was heated to 190°C.
During the héating of the reactor, the pressure was gradually lowered to

20 mm Hg when the t_efnperatﬂre of the reactor reached 180°C. The
temperature was held at 190°C and the pressure was held at 20 mm Hg for

1 hour during which 15 grams of condensate was collected. The product was

cooled and a yield of 2693 grams of copolym"er (i) was obtained.

Example 2 _
Terpolymer Preparation with Post Treatment Step (Copolymer (jii))

67,584 grams of high methylvinylidene polyisobutylene having a nurhber

" average molecular weight (M,) of about 2300 and a methylvinylidene content

of about 78% (which is available from BASF as Glissopal® 2300) was
charged td a 30-gailon reactor equipped with agitator, temperéture controller
and overhead condenser and receiver. 733 grams 1-hexadecene was also
:'charged to the reactor, and the ,a‘gitatéd mixture was heated to 150°C. Traces
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Cont ent Cont ent A90nonenoneN APEO DA 900 g/ rrbl 27.890.5

B100nonenoneN APEO DA 400 /not17.130.5
C75nonenoneN APEO DA 1100 /nol 29. 620.5
D60nonenoneN APEO DA 2000 g/ nol 39.490.5 PEO DA:

Pol yet hyl ene oxi de di am ne Exanple 10 20 Pol yPl BSA

PR eil B oy DR 7 bR (g BRbugh e

havixtege formbobban have rAfge dn;ahgphhlleantm@erg vas(fédh fo tife reactor
content. _of about

7%3%4% SRPERa] & TalgAhBal som iR, HA0E e m@@&p%nf@ﬂé@ecﬁnd
W& 1 2pami8 & aechebiidundf &Q’bkl@@ wWéRGka glrﬁﬁl‘t'é IWbithe reactor

agitator, tenperature controller overh
condeimeuem dfieethe meleic anhszcdﬁ:legaradrélcufnw plarcgdrde charging were

BHR, e CRL IR Ao r R g AUESRT o agoner
natwbwsnyhe dengti @csl et wHaHEn $oX-frivkiceiby tseaung from
avai |l abl e from BA i ssopal (r) 1000) was ch are&e

to

t d50He te abetlo?3Zakd Whrﬁm thegempesatune man’r@dvmpuh 840¢

R Y N L )

ayehagtes i RCtHaged toiedizhcRr a&iﬂdqwatth@@@as (fcbrﬁﬁ‘ﬁ@dentlE the
noi sture were renoved by spar glng sL/mn nitrogen

t Feafightemeraiuxe (pashed abooiE2p erHHUEd'é'Fﬁ‘!ﬁ aiter cfl@rgag the

d
Sl A PR Y5 P g 5, e PRt o
anhydiri tee pr&tséﬂQc@itmmvan‘ settﬁblhew agdt @Grgsllg [géreameador

AFTEPeIalg o S R o ORI LBnA0-PUaTYY 258K do
C"l‘%%QStsdP?ﬁ gﬁbﬂhﬁ@ %Qo! Hhs att%ﬂ’ﬁfe’réfu% BeRiw ‘1@@"0‘ Sﬁ&ttﬁ’én

was nal nt al ne or another 1.5 hours.
r edutledi with ﬁ@lﬁﬁ?lmwﬁé 0D rNbeLtpa) il Thsm@dewbmm | ng

o0 At A CaroV T (b Renal Rop s OB TP atere

a rSib{ed %i‘n?% Slesaurd fitatrRddiaRidadecbe %?ﬁ%h"ﬁCéﬁte@ 512,

charged to the reactor and heating was continued until
t he reactor

Example 3
Preparation of Oil Soluble Lubricating Oil Additive

300 grams of polymer prepared according to Example 2 were charged to 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 mihutes. in the same
reactor, 22.5 grams of diluent oil was ¢harged. In the samé reactor,
17.72 grams of N- phenyphenylenedlamme (N-PPDA) was charged under a
nitrogen purge. 4.76 grams of polypropyleneoxide diamine (PPO DA, havmg
- an approximate number average molecular weight of 400) was slowly charged
fQ the same reactor under a nifrogen purge. The r'ea'c_tor 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 anhydnde was 0.8. The
charge mole ratio of PPO DA to anhydride was 0.10.
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tenperature reached about 232C.
charging the sulfonic

I Mmedi ately after
acid, 3617 grans of nmleic

anhydride was fed to the reactor over about 1 hour.

The pressure control

react or
psig for

tenperature was held at about 232C and 10.3
20 The reaction product was cool ed

2 hours.

.11 Preparation of Q|

to a tenperature bel ow 190C and then diluted with
@IlmmaggﬂmgermfalmmewuercﬁlExample 3hEsamp@Sd%a alsout

oA P le s ek AL e Py PR

df sHI®ABGFROTEhI€aRt h such as Cellte(r) 512. 25 Exanpl e
Sol ubl e Lubricating G| Additive

was set to hold at 10.3 psig. The

an approximate number average molecular weight of 1000) was slowly

9 100 grams of pol yner prepared according to Exanple 10
! Ay
PELR. PR e R R '“%%C#@%'EN@??A SR S o fHlyene
|JUI yiet v‘vﬁa put et 4560 mmnutgs: _I 4] CMR
t he s&nameriegct oy, Aemem gr@rmﬁeq)f di l uent oi | w%ém‘“e?- Amine 2
Exapmpigr g&dharden 't -fygescuﬁ?‘af%actq{qm ride 79 §MERE Tope | Charge | Anivdride
N- phenyﬁ% nyl enedi an%e l\b&?‘ﬁ{a{\) was charged- undef®a | content
i T r gewo pur gerD64. B7.tg aps 080 poll Ppo DApYI0ermOXi de 4.76 0.10
di_anj.ne30f PRONERA ha\hd4g -508-%% aj BFQ’QI‘S%W%“WNE; 82(;
75‘m| NET h fu. nn Mol Ay 1 .

[ geragehnhe D'P%m'%n: of $4000 TR e — 056
Gnatrgeth o-rgppaffe ) Factof 4 MICe oo BA kdog Uidi PYT 960 0.23
NP2Dh BdN ﬁHnbeh’ényiéﬁ(%ﬁaﬁh‘\el U J;.)Ub UIIUEI a Ml roge purge.

TH® Dre apdiRfopyishe Pride diamgher a vacuum for 1.5 hours to

10  rREQOVe ReyetyleneTkide didmirege nol e ratio of N-PPDA to
dﬁ%ﬂﬁ Peytelgmefpylgnggridadiantiife charge ol e ratio of PEO DA
tB AnhytPeeYaREE 0. 38. Fol | owi ng the general procedure
of Exanpl e 11, Exanples 12-14 and Conparative

nmples GH were carried out and_are also s rg”r&rlzed

15 ?ﬁb'er%l mpaggiiye agnPlesaP ogioi regigy dempolymer reacte
Post -tr p%’)@ﬂyaﬂmleml m‘nﬁ | yner reacted-wi-t-h-NPPDA-and— i
pol yoxughisy] gne . ¢ iaiRee ng%ﬁ‘erm e 1CMRANi ne 2@Mhe2 | , 0,

i Example | Charge Type Charge Anhydride - Amine 2 Type _Charge Anhydride

(9) 9 Content ' ‘ (9 Content
E - 100 none None N/A PEO DA 1100 g/mol 28.40 0.5
F__ 1 80 none None N/A PEO DA 2000 g/mol | 37.87 0.5
NPPDA: N-phenylphenylenediamine ’
PPQO DA: Polypropylene oxide diamine
PEO DA: Polyethylene oxide diamine
20
_ Example 8
Preparation of Oil Soluble Lubricating Oil Additive

+25 88 grams of polymer prepared according to Example 1 were charged fo 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, 72.46 grams of diluent oil was charged. In the same reactor,
2.46 grams of N-phenyphenylenediamine (N-PPDA) was charged under a

30- nitrogen purge. 26.04 grams of po!yethyieneOXEde diamine (PEO DA, having |

charged to the same reactor under a nltrogen purge. The reactor is heated to
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Am C Exanpl eChargee7 Am ne 1Am ne 2 TypeChar geAn ne 2

ge (g) TAnhydri de(g) Anhydri de Cont ent Cont ent
11100NPPDAL. 790. 23PPO DA 4000 / nol 64. 60. 38

1275NPPDAL. 290. 22PTMO DA 1000 g/ nol 12. 50. 39
1375NPPDAL. 290. 22PEO DA 1000 /nol 12. 50. 39

pdptndil A i 1o,

14300NERR% a ARdGE

N- phenyl phenyl ene

IF;’JDL@QAT

HOR Aot
PEO DA:

dil énhaies 16 rerpoverexdsk ywatep hernzhaoge dmid |ra1m nEN-FEANS to

DA: EC& Letr %nE%E%O%@dI iﬁ](ﬁz)é;a A% énhygnde was 0.39.

Exarrpl eChargeTypeChar geAnhydri deAni ne 2

: Ch Anhydri d
5 b o GRARED G bR

FRORT Nk

|ono

DEXIRB

Pr epa

PosbletZ/eat ed Pol
| ene di am ne 4005 grans of high nethylvinylidene

pol yi sobut ene havi ng a nunber
Table 2: Terpolymer (no post treatment) reacted with NPPDA and polyoxyalkyiene

IH&AUID0

Soryer st

Pl BSA pol yner

) Cont ent Cont ent _
éxamplgz& ds@maple 9 and Comparative

plbesitbyizey 1Y 3Bl 40

reacted with pol

aver age

ox al k

92,178 grams of high methylvinylidene polyisobutylene having a number

10 diamine
. : : CMR L CMR
Polymer . Amine 1 - Amine 2 .
Amine 1 Amine 1 - . Amine 2 -
Example Ct’za;ge Type Ch(ar)ge Anhydride Amine 2 Type Ch(ar)ge Anhydride
g 9 Content 9 Content
8 88 NPPDA 246 0.23 PEO DA 1000 g/mol 26.04 0.39
9 105 NPPDA 4.24 0.33 PEQO DA 500 g/mol 12.14 0.33
PEQ DA: Polyethylene oxide diamine
Table 2A: Comparative Examples: Terpolymer (no post treatment) reacted with
.15 polyoxyalkylene diamine
: CMR . CMR
‘ Example F(’:c;i);rrgeer Amine 1 %ﬂrzg}z; Amine 1  Amine 2 Type iﬁé?gez Amine 2
@) Type ) Anhydride : @) Anhydride
g g Content . g Content
A 90 none none N/A PEO DA 900 g/mol 27.89 0.5
B 400 none none N/A PEQ DA 400 g/mol 17.13 0.5
C 75 none none N/A PEQ DA 1100 g/mol | 29.62 0.5
B 60 none none N/A PEQ DA 2000 g/mol | 3949 0.5
PEQ DA: Polyethylene oxide diamine : s
. Example 10 _
20 PolyPIBSA Preparation with Post Treatmeht Step (Copolymer (iii))

average moiecular Wéight (My) of about 2300 and a methy[vinylidene content
- of about 78% (which is available from BASF as Glissopal® 2300) was

" and overhead condenser and receiver. 14,267 grams of a high

" charged to a 30-gallon reactor eqmpped with agltator temperature: controller

- methylvinylidene polyiSobutyEené having a number average molecular weight
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nol ecul ar wei ght (WMh) of about 1000 and a

nmet hyl vi nyl i dene content of about 76% (which is
commercially available from BASF and i s known as

G i ssopal 1000) was charged to a reactor and the
reactor was heated to a 51 tenperature of about 150C

S89,) Qﬁ%ﬂéuﬂﬂb(ﬁ) én@ﬁnﬁgﬂhy%yﬂa&ééoﬂl@ng bREBoR 829 i(WHidhlis

perOX|de wer e to the reéactor. he tenperature of

t Availablectrom %@F awlmsapa@m@omwh@ﬁgeﬁ to the (racker and the
t d L

| D54 FAguPE AL S5O LT oRBLRK 5B S5 B of

oligh raetlhglvirlyﬂdetﬁe prﬁobihtyﬁbrimhwvm@fat rermiéyt aVeragy ambecalar
was applied to reduce the pressure to 0 psia while

napiahiphabet HOO: Sraeealebhire severemayed Py SoREINdias
‘Zgg%[.lf@ﬂrgﬁ!tr‘éggi’l Lﬂﬁ?o?a%ﬁ%ﬁé‘ iRy aﬁ‘i’ﬁé“c for apogY aR h;’é‘dlr After

r eact or ressure. was en 1 ncrease

~ adbyjirg)the aitdigenovess feddotthe reaatoiuicead spacd deardteldfer ed

10
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'gaaqa.tﬁ

Bolepin hE B BN ok AP 49 EIERS) PRt
PRI TR pBroRRAT RErARAD the fedcRoriRMRLRCISsIpRNE: Shalaedfier
to a 15 reactor under a nitrogen purge and heated

atheompleiaanrise dambdicumyepeshaidgechagingveereviinistmd the

Bt RurREY R ot Pl 83 at "Rt ConciRher 1.6 hawss
f
Sﬁ”ﬁé%mﬁx? i ﬁf’;\Br@gég\ra%'u A e T A

*BoWhrroihe tempsxatuee waghpd@ uPdY@AT Gfatigryms of
48%’6}1[@%89%g{%oeﬁé%’?gﬂl{cﬂwa}%ﬁﬂ%? ARhEGH r?%ﬂ&er‘?és) was

ar ge sane 1 eac or

Ncharged o s geactdifend ieeatingrwadsomtiraleadurttt td tactemder
anitro pur ge. The reactor was put under a vacuu

{ tamaeratie abachesl ahqihsgeC elnraediaigly @fter ¢hardimihgesulionic
RaB, R8N Brsthe Dr e BB Wag o sl §Bg oo
Folhocaw Tiee plleessgmmrato{ p:asmdtﬂ Bokifat&(h&plsg I®ge reactor
Bk b e M50t 25PE 4 18 p 3 o ol

The reaction product was cooled to a temperature below 180°C and then

diluted 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 fiiter and diatomaceous earth such as Celite® 512.

Example 11
Preparatidn of Oil Soluble Lubricating Oil Additive

100 grams of polymer prepared according to Example 10 were charged to a.

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

charged polymer was put under a vacuum fdr 45-60 minutes. In the same

reactor, 66.4 grams of diluent oil was charged. In the same reactor,

1.79 grams of N- phenyphenyienediamine (N-PPDA) was charged under a

nltrogen purge. 64. 6 grams of polypropyleneox1de diamine (PPO DA, having
-50 -



Tabl e 4: Post-treated Pol yPl BSA pol yner

reacted with

NPPDA and pol yoxyal kyl ene am CVRCVR ne Pol yner Ami ne
1Am ne 1 Amine 1Ani ne 2 TypeAm ne 2 Anmine 2 hcharge
Exanpl echar geTypec Anhydri de(g) Anhydri de arge

(9) (g) Cont ent Cont ent 1675NPPDA3. 400. 23PPO DA400

!/ gR!
/ ol

oSl LNy bR

Whiscowrs €o €8s fatdroTh&ExRER)eM ol Aitio bk MPP@ﬁdtolﬁnﬁlﬁjnde
of the gr esent

5 wiag Ope

redmate AdmBAR
00. 10 1875NPPDAL

/ ploargeddo thesane reawnmden\a piﬁ@gpnmuemlﬂwemaatnm@ heated to
an ne A, r opyl ene
G5 B R EY

oXi de

H.FHU&G

i nventi on.

peieeehaige made ratigoite CoPAtta@nbpiite wee -

Meﬁﬂgﬁ%gﬁ t $P9800 g/mol) was slowly

050. 75PPO

'ﬁ'%?@&

2000

The conparative exa

enpl oyed in the 10 present invent

pol yoxyal kyl ene di ami ne and wi thout an aronatic

ion with a

Ies

aﬁbltmuin@hiee penetat prozkd CenphEsdnmple Bx drangsied\ 12116 &nd

hi bi ted haze,
BiparativeRxarme

whe
l.eédf Hhwariediie

di ssol v.egtﬂi

n a lubricatin

Ut agdare

#{p wrgr%a?ilzled in

| -dvggl%r@gﬁ(g TabRe3A emai ning Conparative Exanples CH
formed an insol ubl e gel

10 lubricating oil,

AR B R e A s

when dissolved in a

which is al so consi dered an 15

25

Preparation of PolyPIBSA (Copolymer (ii))

. CMR . CMR
Polymer | smine1 | AT 11 Amine 1 . AMINe2 | s ine 2
Example Ch(agr)ge Type Cr}zr)ge Anhydride Amine 2 Type Ch(z;ge Anhydride
) Content _ 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 0.39
13 75 NPPDA 1.29 .22 PEC DA 1000 g/mol 12.5 0.39.
14 100 NPPDA 1.79 0.23 PPO DA 400 g/mol 6.46 0.38
NPPDA: N-phenylphenylenediamine
PEQ DA: Polyethylene oxide diamine
15 PPODA: Polypropylene oxide diamine
PTMO DA: Polytetramethyleneoxide diamine
Table 3A: Post-treated PolyPIBSA polymer reacted with polyoxyalkylene diamine
. CMR . CMR
Example %c;grr]:g?ar Amine 1 %rng]rzg Amlne_1 Amine 2 Type %rﬂ;gez Am:ne'2
@ _ Type (a) Anhydride ) Anhydride
Content : Content
G 105 nohe none N/A PEQ DA 1100 g/mol | 32.06 0.5
H 85 none | none N/A PEO DA 2000 g/mol | 41.46 0.5
20 PEO DA: Polyethylene oxide diamine ‘
Example 15

4005 grams of high methylvinylidene polyisdbdtene.having a number average

molecular weight (M) of about 1000 and a methylvinylidene content of about

76% (which is commercially available from BASF and is known as

Glissopal 1000) was charged to a reactor and the reactor was heated to a

~-51 -




10

15

20

25

'Eﬂlﬁ*b@wl perexidgavareifed tp tie fpar

- tenperature c ntrgl | er

reacted wth both a pol yoxyal kene di am ne and an
aromatic amne, exhibited Ilittle haze and did not
forma gel. The resulting products of the exanpl es of
20 the invention are soluble in an oil of lubricating
viscosity. Exanple 19 Preparation of Low Ml ecul ar

\ehitraldtSoMB it a 5020581 etenSaMiy BRhydridpahy IEEH 4 grams of |

25 3004.7 grams of polyi sobutyl ene having
é]ﬁ.t The tqwgerg;urgygg@l@e wytor was

a0 b 150 oAt The ol R MG
C[bla'bglelé dro chargkd-toehe reacterq Thppedctor asdgiated tor about 200°
d oveLhead 30 condenser, .an

U A ATOOToTRRBYt 310 foits APEWHEN S VAGHUL 2B, ARDIRE o gecluce
tfﬂeréréééﬁré@gg S \3&9@%15 \'mﬁ%ﬁiétteﬂg)é?étﬂ'r'é 882009, The
na - I

gra éi C ride an grans di cuny
preacidraeas reld uﬁd% gL pres&utehfor;albeum ehrars ed 200°C. The

si nu| t aneousl t he rea r over nutes r
DB e dnal dSasd o A Fepfrdndtiit i 4fe pBauet
Wags et SRedd td wmr@éaﬂr%mctthe reactor was
mai nt ai ned at 153C for another 30 m nutes. The reactor

was heated to a 5 tenperature of about 190C f or
approxi mately 1 hour afteé h1 vacuum was applied
to reduce the pressure t ile maintaining the

t enper at ur e PaépABRGHY B DILSVIYLI&IQBricdiivey Odaddiiveras
hel d under vacuum pressure for about 1 hour at 190C

The reactor pressure was then increased to anbient

B HTRDe B el b Ehange 9, B1eHhatals
prezitoramdac agitthgen purgexanpheatdd fo adedpgraoe dabi)” C The
Sl b S ST RGBT BB 7
P00 7 e cAohCol R, CHATR, n Fetsarheteador oo
1840 gramd; Gfméphemmwlamdeammer(Ne‘aPDm waseche@ged onder a
4:?1 rogegrp%rrrgse 12%$'§‘ra(nk’fs OF polypropyleneox1de diamine (PPO DA, having
an approximate number average molecular weight of 400) was slowly charged |
to the same reactor under a nitrogen purge. The reactor was heated to 150°C
under a nitrogen purgé. The reactor was put under a vacuum for 1.5 hours to
removes excess water. The charge mole ratio of N-PPDA to anhydride was

0.23. The charge mole ratio of PEO DA to anhydride was 0.38.

FoHoWing the general procedure of Example 16, Exampiés 17 and 18 were

carried out and are also summarized in Table 4.
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pol yi sobut ene havi ng a nunber average nol ecul ar wei ght
of 2300 and nmade according to the process descri bed

in US. Patent No. 6,156,850) was 20 charged to the
reactor. To the reactor, 57.36 grans of polyethylene

oxi de diam ne (PEO DA, having an appr.oxi mate
mzag@shmaé@wdwwym@fre@mﬂ \aﬁaﬁﬁﬁf?&@f}ﬁ’a‘g}"%&ygkwem

pur chaiamaing r om Hynst man (‘nr por at i.on,Houston—Fexas:

ha ipgw%Qe trade \naRedef f driiRe( ) ED—series). Admine 2 Aﬁﬁzz‘
Exam I@'Cu%r@@ é ﬁp I1 Chﬁfgbt h?;‘:l l;t DI Arhine 2V'ﬁyse: oSi tyhme Anhydride
hel regyl t| ng™edction pf OFGE Was 259.3 cst af 289 Content

10 Eol l-Bwin

160 vt L2 ',,,JN'J?EHA"'CBQﬁnc d' 0E3U" PBREDAY00FAIIPI € 285 0.38
1_(_x P %—‘53 2 PPDRST Sy T cuo s@UT T PEE A 08 WiBar | Zeglol n 0.10
18Tau e T wpﬁﬁg.‘ gvu ef h &5 ANNPEDIFEE2000 gGhd! TET 20.0 0.125

] t Hzié{lﬂﬂ HanylRES m@no pol'yoxyal Kyl ene di am ne
B} yATesIYMRIBR okié\MRAiene 2CVR

5  abpPddvayige ArdesgsBhar geAm ne 1Am ne 2Char geAmi ne
2ViscositycSt (g) Type(9) Anhydri deType(g) Anhydri de@
100 C Content Content 2084. 2NPPDA17. 39PEO DA57. 36259. 3
59' el A-RILAr26coRNRIRBIND e RATROIBB 2wiithere Zzompared to
156. 4ANPPDAL12. 42T 124. 7 NPPDA: :
@@mem Shehlldrag %ﬁ@? eSRN IBEPYIRN iR supRarative
{hetbcpdl logeddn the
SL05 T Repd GO TNSEOR, b o shcaptynof s
10 btdsentmtventg)mwlth aotmblyoxyelkylmmﬁjgmna)an@wlmﬁgt B @spatic

%Hﬁﬁﬁg@ mg&eétecge@qmﬁg%ﬁv%ﬁgg(ﬁpﬁ)gé g‘ﬁi\’[{’» ﬁﬁb’lth Bl haze, when
gﬁgéﬁ&b&% bgorpleiting i, ®hichhg coﬁ@iﬂmddaém andésiratils naabtg in a

ontrol viscoSity-increase resulting fromthe
dispersant. The remaining omparatlve Examples C- formed an insoluble
gel when dissolved in a lubricating oil, which is also considered an

15  undesirable quality in a dispersant.

By comparison Examples 3-9, 11-14 and 16-18 in which the copolymer was
reacted with both a polyoxyalkehe diamine and an aromatic amine, exhibited
little haze and did not form a gel. The resulting products of the examples of

20 the invention are soluble in an oil of lubricating viscosity.

- Example 19 :
Preparation of Low Molecula‘r Weight PiB/Maleic
Anhydride Copolymer (Copolymer (ii))
25 o .
~ 3004.7 grams of poiyisobljty!ene having a number average molecular weight .
~ (M,) of about 350 and a methylvinylidene content of about 78% {(which is
avéilable from Texas Petroleum Company as TPC-535) was charged to a
10-reactor equippéd with agitator, temperature controiler, and overhead
30 condenser and receiver. Traces of moisture were removed by heating to
' 153°C under nitrogen for about 45‘mi‘nutes. 715 grams maleic anhydride and
-53-




10

15

25

addi ti on of carbon black, a soot surrogate. Using the
soot thickening bench 15 test, the viscosity of a

fresh oil is neasured in centistokes. The fresh oil is
then treated with 10 wt % Raven 1040 carbon bl ack,
supplied by Colunmbia Chemcal Co., to forma mxture
QUGG RIngdizRMyPpefRIde] i H5QYasmiutioRawitinxyll6AS veae fe

bl ack and 45 grans fresh oil (fest qi]). The t.est, oil
TkanaouslAPHES ERAdBROYar 28, Mindtas Aiie Y TS aghydride

oY SR8 i i | thebreact
e A S
fwassinabitained laé 1530 fariangthers30 mirlutes Mthe teiastprovavbeated to a

oo AL Ly a5 B o
PASHIAR A6 TRHGL el e8B1BAYD foidi maiRtdinikg e 10

art. The percent viscosity increase is calcul ated
dempetiturg atcapmexifreitelyiiOALC f Dhertgastorngasheldsrigripcuum

I ncrease = 1,58, 0 = J%hS ' ) | YA .
SRR Sor ot B S HERC TP e et R Bfeincrpased
ftemibieht cordiitiche deel the drieuctants filtred enpryideethehhéatgroduct.
the percent viscosity increase calculated for the
addi tive conposition of for Exanples 5, 11, and 20 in
a fornmulated oil was conp t a formnul at ed oi
t hat does not contain thggg%ﬁﬁk%é%ing oil additive
conposition of the present invention. The foll ow ng
additives were 5 bl ended to npke addj t | ve. package:
B62 G om0 ROMEIAKIPTERATEE ACEATI N (L KEPDIE; ) 3EhS grams base

' i ) PR -V'éﬁyéﬁg? Whithd Webé icABrged to a
%hgﬁ?&?@%@%ﬁ&éﬁ g}ooili")hou p ?‘ﬁ?%’ﬁ%‘r essant, §3. C?
mM 000 mib| ghsssofeaator ah clittrgereseet mene infesrtuceddRdlge reactor. The

SRR b et FRA & hge i ard Sk A Bthelisk P 166°C
| A et QnteRt8 dye BiibA0 Vb M Fddcior! xdnskg.@ drERTSOVIBNSA {hsed on

10 bl ended additive package was added to a m xture of
bealyisolutkpe aivirlg a bembes axerage smolocuianyveighd of e300 apdgnade

% SON oi | d. 24, w9 ON o |, ~QF
e B pRers oBREGE So FRET RS B gpBlieS
20i formul ation. To prepare the

Fedrfax to Mie @iabiod) Td thePfeRictatesT 36 gramsast glolyethylehe oxide
diamine (PEO DA, having an approximate number average molecular weight
of 600 and which may be purchased from Hunstman Corporation, Houston,

Texas, having the trade name Jeffamine® ED-series). A vacuum was applied

- to the reactor. The viscosity of the reéu|ting reaction product was 259.3 ¢St at

100°C.

Foliowing the general procedure of Example 20, Examples 21-22 were carried

out and are summarized in Table 5.
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formul ated | ubricating oil

‘invention, approximately 15 7.2 wt

conposition of Exanples 5, 11,

to the fornul ated conparison oil.

% of the additive
and 20 was top

conposition of the present

treat ed

The results of 'the

r suﬁsﬁ}e
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i nventi on

“the lubricating oil
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percen

ng oil

g@g‘fhlckenlng bench test indicate
VI scosity increase using the
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was | ower than g,hg,
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| Baxstn 1946 cefbot veack ahdi a5\gragnsdasb loj) fitestsail). The test oil, which

e CO

“'B%S RRALe

0sl.tl

contains carbon black, is then homogenized using a high speed tissue

RS et of o
el gy

homogenizer for 60-75 seconds to thoroughly mix the carbon black with the

fresh oil. The resulting test oil containing carbon black is then degassed at

100°C for 30 minutes. The Viscoéity of the oil containing carbon black is

measured according to methods that are well known in the art. The percent

% viscosity increase = [(ViScoo - Vist)/(Visio) X 100]

© ViSepo: Viscosity of carbon black in oil

viscosity of fresh oil

oil- | ubri t| D
pr epgglg%%l?ecrf%cai § dce
at

20

25

. ViSio:

30
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. viscosity increase is calculated according to the following formula:
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Vi ny | ne or

10 15 20 25 30 (i) a copol yner obtained by free

radi cal copol ynerization of conponents conpri sing:
(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

| ey he&sobt ﬂhﬁfelrfhg:@éﬁtfh 2kt @h@b@tdenzvks@oéi@ m@ﬁa@@ ealculated
atons or at |east gne poal one in conprisin

t tpribe agditive ﬁoa‘tmloarqj forkxanpigs et ARt Wina forr%u[gted oil
c %@I dréd'h & fgfrﬂﬂgteﬂ'l?[lttgﬁt HOESHOH cd?'nté([h % lubricating o

ene group or
t bddifieé coampabsition aitthet pmtenbmeenhmndﬁeffoﬁowmgmﬂﬂﬁd!es were

(oSSR LEREATE A D B R bl o
aﬁné'éﬁ%xﬂétﬁa\ﬁ' inRbR6H pé’cfk%g@no 2l Wil st | aﬁﬂlh?{’ 0.28%Enour

t he al kyl group I's hydroxyl, amno, ylam no or
apkint geprdssant, §8mdlimoples of msweum hased detagent package

_cont|n|n t 0,40 arb at c (2 analk..a'ne
AN 2l gt BeionalE 2RI ERp B ARF diniGhtEhate,
UBLRb A peemilisRfo@l inhibitoar K6 wtoatisdosity BdkR ithBrover. This
carbon atons -58
blended additive package was added to a mixture of basestocks which
consists of 67.0 wt% EHC60 oil, 9.0 wt% Exxon150N oil, and 24 wt%
Exxon600N oil (all of which may be purchased from ExxonMobil Corporation,
Fairfax, Virginia) to provide the comparative oil formtjlation. To prepare the
formulated lubricating oil composition of the present invention, approximately
7.2 wt% of the additive composition of Examples 5, 11, and 20 was top

treated to the formulated comparison oil.
The resulits of the soot thickening bench test are summarized in Table 6.

Table 6: Soot Thickening Bench Test Resuits

Example % Viscosity Increase Sample Description

5 57.5 Post Treated Terpolymer reacted with
NPPDA and polyoxyalkylene diamine

11 283.4 Post-freated PolyPIBSA poiymer reacted
with NPPDA and polyoxyalkyiene dlamlne

20 440 PiB/Maleic Anhydride Copolymer reacted
with NPPDA and polyoxyalkylene diamine

Comparison | > 350.0 (too viscose to measure) | No copolymer/NPPDA/ polyoxyalkylene
diamine dispersant additive.

The results of the soot thickening bench test indicate that the percent viscosity
increase using the lubricating oil additive composition of the preseht ihvention
‘was lower than the percent viscosity increase in a formulated oil that does not
contain the lubricating oil additive eorﬁposition of the present invention, which

-was too viscous to measure since the test employed only measures percent
' - 56 -
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where the al kyl substituent contains 1 to 40 carbon
atons; 5 (3) an N-vinyl carboxam de of carboxylic acids

of 1 to 8 carbon atons; (4) an N-vinyl substituted

ni trogen-contai ning heterocyclic compound; and 10 15

20 25 (5) at |east one 1l-olefin conprising about 2 to
40.5@@&1 RcRicRBERIPAH FBNU. RS teh thdisdted HifdtitRe (LARIFBLING OND
about to about 360 carbon atons and having a

t eflditivaconwesitipnef theapresenginyeptiomhangoed diapefsant properﬂes
vinyl, vinylidene or alkyl vinylidene group or

m-xtures thereof, provided that the ol efin enpl oyed
i&|9théﬁﬁbodﬂ@ﬁEaEhDUQhenoﬂﬁtéﬁbnammkbyﬁﬂbﬂdms«HXMéﬂﬁvenﬁoncan

I b dDb d
ke mad B IRKIoReBIn FoTHEc SPIS eRdecapS ek crubedt

[

o Iicbfs shotyd BRHNBFRE 85 R REfally el AR claime.
non-free radical catalyzed reaction in the presence
of copolyner (i) or copolyner (ii) or both; or by (b)
contacting copolyner (i) or copolyner (ii) or both
with the non-free radical catalyzed reaction product
of conpound (i)(a) and conpound (i)(b) or (i)(c);
with 30 (B) at |east one ether conpound selected from
the group consisting of an ether polyam-ne, a

pol yet her pol yam ne, a polyether am no
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al cohol, a pol yether amno thiol, and a pol yether
polyol; and (C) at |east one aromatic amne. -59 2.
The lubricating oil additive conmposition of claiml,
mherein in copolyner (iii)(b), said copolyner (i) or

I I Al oth are contacted with the
' no = ATES dLAI é)t al yzed reaction product of 5

5

10

15

20

25

30

ot Eoencangi %%@ﬁﬂg&%“ﬁ HeghltftorShpsicn Biepatied BY the
addl ti VErog B8P RhidH %Pﬁs@g%a%ﬂﬁ of the preceding

clai ns, wherein the ether conpo nd (B) is a polyether
pol yanmi ne. 10 4. The lubricating oil additive

conmposi tyyon claim3 n the ol yet her

pol yam &e{eﬁ%tl%Q}fatlhm?f)@%mglcgﬁpw%ﬁer ein each

al kyl ene un| t individually contains from2 to 5 carbon
atons. 15 5. The lubricating oil additive conposition

of claim4 vier eua]cpn@lyw;@gﬁawe@hﬁ figsi reglical sopolymerization of

oxyet hyl ene or o tures thereof. 6.
The lubricating o ‘ﬁ*‘%%‘%’ﬁg%"@%\%ﬂ] ition of claimb5
wherein the polyether 20 polyami ne is polyoxyethyl ene

diamne. 7. The lubricating oil additive conposn tion
of any one of thd@recideagf ona mopgethylanisallyiunsaturated Cs-Cas

copol yner is copol y”erqq()hbcar%éxﬁlc J%i? gI} r\érg{é{‘ﬂ?%tjegﬂ RH'C4-Cos

additive conposition o

wherei n the copol yner dlsanmmplﬁqmad, dmhydride. ordster thereof;
| ubricating oil additive conposition of claim38
wherein copolyner (ii) is polyPlBSA, obtained by the

free radica catabyzediegald i lorlomibmlifg aRA4CS telao

and pol yi sobutyl en ricatin ditive
conposi ti on of any onecajbonlaH»msolat lEaSt ond pobjotefirheomprising

copol yner is copol yner_,(i The lubricatin .

oi |l additive composit |%l§9u(§f4t8 [1)8?' af‘?{@sﬁlngc!@i’"?ﬂgg terminal
copoiymenzable 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 viny! ether and an allyl alkyl ether
where the alkyl group is hydroxyl, amino,
dialkylamino or alkoxy substituted or is
unsubstituted, and containing 1 to 40 carbon

atoms;

(2) an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or
dicarboxylic acid of 3 to 10 carbon atoms
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clainms wherein the aromatic amne is selected froma
group consisting of N-aryl phenyl enedi am ne,

am nocar bazol e, am no-i ndazol i none,

am nomer captotri azol e, am noperi m di ne, and

aryl oxyphenyl eneamne. 5 1 I I cat . il . .

addi tive conposition of cl g’.“ﬁ‘%ﬁ“%ﬁ@%ﬁ%ﬁ'ﬂ%n?gf’ﬂﬁéﬁﬁ ‘&to
am ne is N-aryl phenyl enedi g0igagbonldtonddle | ubricating

oil additive conmposition of claim12 wherein the 10

N-aryl phenyl enedi am ne i s N phenyl phenyl enedi am ne.

14. The lubricating oy adgi ki : :
one of the precedi ng°(33| ai(j%ﬁswvmg‘{lglg}r?&%%h{ﬁ%%ﬁae%rib??%ljc acids of
of -copol ynmer (i) is polyisbtugeaehorhalommg a nunber

aver age nol ecul ar wei ght (M) of about 2300. 15 15.

The lubricating oil additive conposition of any one of

the preceding cl ai mgghergi R-fihy b i QRoHtAIR
aci d, anhydride or gg(tz/p t%er eolf?(ﬁi%)?h'ﬁl’ﬁgd ﬁ&@ﬁe@atl r%ég’ ng
oi | additive conposition dietetaiyniicd8ompeurd;rarvher ei n

20 (i)(a) is maleic anhydride or ester thereof. 17.
The lubricating oil additive conposition of any one of

the preceding cl ai mysyhergijgadtimemorgineddmp®ing abbGd 2 to
is a l-olefin. 25 18. A lubricating oil conposition .
conprising a maj or anount 4 cambosigtoms orlajieast aneraplyolefin

vi scosity and a m nor anoupt . Lcat '
addi tive conposition pr ep‘%@%@gsﬁéﬁé &%@é%@&arbon
conprises reacting (A) at dteastarrieadhg Gherhivlal evpdligmerizable

copolynmers: 30 (i) a copol yner obtained by free
radi cal copol yneri zati on difoupdnsnermofewipyt yinylidene or

-61 (a) at |east one nonoeéclmolr\/ﬁgjgggbéiéﬁ&fggéHﬁ)gp%thereof,

C3-C28 nonocar boxylic aci ereor,
C4- C28 dicarboxylic acid,previgdithatetherolefirt empldyatdshot the
5 (b) at | east one 1-ol efin conprisi n?

- about 2 to 40
same as the olefin employed in (i)(b);
(ii) a copolymer obtained by reacting compound (i)(a) and
compound(i)(b) in the presence of a free radical initiator;

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

(B) 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.
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carbon atons or at |east one polyolefin conprising
about 4 to 360 carbon atons and having a term nal
copol yrmeri zabl e group in the formof a vinyl,

vinyl i dene or al kyl vinylidene group or m xtures 10

t her eof ;

and (c) at |east one nonool efin conpound

which is copolynerizable with the nononers of (a) and

(b2.

anthé ﬁ.lkﬁ@'aﬁﬁﬁl} el aﬁdwetd@mrﬂfsiﬂmm 60¢15in5 1 | WBe@n inl5
20 25 30 (1) an

et her
di al kyl
unsubst

vi nyl ether and an all al kyl
Wm%@n)é@)kwldw@b/m%r (Ryerreppplymen 'S@" both are
S HRG S8 B8 Aok rcton poguct of

al nin

(2) an edrkpburadi{il{a) and campiiuat Ki{taordi(cdin the presence of
nonoet h | eni cal I(Lz%unsat urated nono- or dicarboxylic

aci d of q)rnpg,nq

rbon atons where the al kyl

substituent contains | to 40 carbon atons; (3) an
N-vi nyl car boxam de of carboxylic acids of 1 to 8
cad.bon ‘Bebricatig aih atditive yonmdsitidrt oft & one of the preceding

10

10.

nitr 09€l al(r:r?smw e%ﬁgthe ré%ﬁeerrc%c géthnd {:B%rrg poq);(etﬁgp pélgezsm?ne.

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

alkylene unit individually contains from 2 to 5 carbon atoms.

The lubricating oil additive composition of claim 4 wherein the
oxyalkylene moiety is oxyethylene or oxypropylene, or mixtures

thereof.

The lubricating oil additive composition of claim 5 wherein the polyether

polyamine is polyoxyethylene diamine.

The lubricating oil additive composition of any one of the preceding

claims wherein the copolymer is copolymer (i).

The lubricating oil additive composition of any one of claims 1 to 6

wherein the copolymer is copolymer (ii).

The lubricating oil additive composition of claim 8 wherein copolymer
(ii) is polyPIBSA, obtained by the free radical catalyzed reaction of
maleic anhydride and polyisobutylene.

The lubricating oif additive composition of any one of claims 1 to 6
wherein the copolymer is copolymer (iii).
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(5) at least one 1l-olefin conprising about 2 to 40
carbon atons or at |east one polyolefin conprising
about 4 to about 360 carbon atons and having a
term nal copol ynerizable group in the formof a vinyl,

0 o TR S S Oy B4 o

sane asclbings whefdin thee aRiraxiesaming is)deicted friom a grOLéF consisting
copolyner obtalned by reacting conpound (i) (a) an
compourf(NAryphenylenedipmine mraingradagplee aptiae-ingdazolinone,

Ir glazzlt ?tng'lhc c())?'nrg%ré%%l%? %ﬁ%’%%ﬁén%. ”%QI(IQ%Q )@vbgrenyieneamlne.
(|)(c) in a non-free radical catal yzed reaction in
f 1)
bol2r " oF oy gsticg Rl 200G ce&w%umogf(q'%m b1 st
(' i) OrarIBﬁHilc"HrﬁBetlQN- ToHd hie, catal yzed
t d d
R S R S
t h .
et T B B 08 T i
al cohol N-gtylpRENAEh&diafihé i KiiHEnylphedyRnBalanghBer

polyol; and (C) at l|east one aromatic amine. 19. The
| ubricating oil additive conposition of claim18,

cofhty S efighid BE prbiie onosiR o4 i drebbing
non- f r egaifediviedeirt admipyaad (N9 ef ice olpfr@@l i3 is ?ﬁ‘)lyﬁobutene

conpound (i a) and conpound (i b C
pr 22 end'@vgﬁg) fg n)umber ave?gge molecu)lzgr welght ((M,z)(of about 2300.

15.  The lubricating oil additive compaosition of any one of the preceding

claims wherein (i)}(a) is a dicarboxylic acid, anhydride or ester thereof.

16.  The lubricating oil additive composition of claim 15 wherein wherein

(iXa) is maleic anhydride or ester thereof.

17.  The lubricating oil additive composition of any one of the preceding

claims wherein the monoolefin of (i)(c) is a 1-olefin.

18.  Alubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor amount of the lubricating oil additive
composition prepared by the process which comprises reacting

(A) atieast one of the following copolymers:

(i) a copolymer obtained by free radical copolymerization of

components comprising:
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component (C). -63 20. The lubricating oil conposition
of any one of clains 18 to 19, wherein the ether
compound (B) is a polyether polyamne. 21. The

| ubricating oil conposition of claim20, wherein the

et o n-eachal kyine A RIROMEREISRE BfeLRpios 6= Con

2 to 5 carbon atons. %onaé&bb)dwdé?@ﬁloﬂ@sﬂslﬂthereof ora Cs-Cag
conposi tion of claim 2l wherein the oxyal ky

noi ety i s oxyethyl ene @?aWHl%WﬁeW@YQﬂderﬁrﬁ%@@@ereOf

thereof. 10 23. The lubricating oil conposition of any

one of clainms 18 to 20 wherein the pol yether

pol yam ne is pol y@}yetdtjbastordi tolafit. caviprising about 2 to 40

| ubricating oil conpositjon f an f claj 8 to . .
23 wherein~ 15 the copdioARe @seﬁagl%ﬂipn?pp\y% sqREPrising
| ubricating oi | conposjidipna 8f3ed¥arBBR m§| 5 %rminal

23 wherein the copolyner is copolyner (il

The lubricating oil cocrqwd,ymemzabdé godup ItmtBE fcmmoéan/inyl
copol ymer (ii) is poI a i ned

radi cal catal yzed rea ﬁsaﬁ%ﬁ'&*f'a“nyé{ﬁ%?‘aﬂr%a hpixtures

pol yi sobutyl ene. 27. ﬁhgréd#-bcﬁﬂ@atl ng oil conposition
of any one of clains 18 to 23 wherein 25 the

copol ymer is copolymer (iii). 28. The lubricating oil

aromati c am ne | 6kl hieartPsa Gkl SooRL jch e

N aryl phenyl enedi am ngpolhérebld asttlthe monomers of (a) and (b)
am no-i ndazol i none, 30 am nonercaptotriazol e,

ami noperi mi di ne, and @7 E8paMed freRbHE greuppnsisting of:
| ubri-cating oil conposition of claim28 wherein the
aromatic amne is N aryl phenyl enedi am ne. -64 30. The
| ubricating oil conpogil}i orarpélkgl \ﬂnyhdﬁerv\dml‘ enmllyhakyl ether
N- aryl phenyl enedi am ne 1s N-Ig)hen phenyl enedi am ne
re the alkyl group is hydroxyl, amino,
dialkylamino or alkoxy substituted or is
unsubstituted, and containing 1 to

40 carbon atoms;

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

(3) an N-vinylcarboxamide of carboxylic acids

of 1 to 8 carbon atoms;

(4)  an N-vinyl substituted nitrogen-containing
heterocyclic compound; and
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31. The lubricating oil conposition of any one of

clains 18 to 30 wherein 5 conpound (i) (b) of

copolymer (i) is polyisobutene having a nunber

aver age nol ecul ar wei ght (M) of about 2300. 32. The

| ubricating oil conposjgi on_pof ope of clains 18 t0

31 wherein (i)(a) is )y c%f'&égwﬁ‘%qa‘%!?@? C%'HHWP%@QO“Z‘O
or ester thereof. 10 33. Thaglcdbidrcaionigooat least one polyolefin
conmposition of any one of clains 18 to 31 wherein

wherein (i)(a) is maleic anf9@prigiagsabossdde abput 369 carbon

34. The lubricating oil co 4] ; f

clainms 18 to 31 wherein 123@1‘%% ?rﬁﬂggpgg%tegﬁﬁﬁ)(c)

is a l-olefin. 35. A nethodcofolymiringble drobm irctiici fogm of a vinyl,

oi | additive conposition con r]igfes reﬁct i,ng 20 (A) at

| east one of the fol | owi ng ¥BY¥ISNGPLalKYlvnyidesg ggoup or

copol ymer obtained by free gl eRRA! YeRidebthbOhelefin
east one

nmonoet hyl eni cal | y unsat ur at eshpiseads nobtheosame as\the olefin

acid or ester thereof, or a CA4.C28. gj @ﬁr boxylic acid,

anhydride or ester thereof;e"(“BJoy 'p Q *one 1-olefin

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

pol yol efin conprising about 4 to 360 carbon atons and

havi ng a t er@# nal @ copelynesabiziped byreagtinghcampound(fija) and

of a vinyl, vinylj . Levinyli oUD. Ol i spr g .

i xtur es ¢ her eof ; CATRCUREORM thd plbkereB R i Brau pitator,

conmpound which is copolynerizable with the nononers

of (a) and (h) . . .

(i}  a copolymer obtained by (a) reacting compound (i)(@)

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

compound (i)b) or {i)(c); with

(B) 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.

19.  The lubricating oil additive composition of claim 18, wherein in
copolymer (iii)(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
component (C).
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and is selected fromthe group consisting of: 5 10 (1)
(2) 15 (3) 20 (4) (5) 25 30 an al kyl vinyl ether and
an allyl alkyl ether where the alkyl group is
hydroxyl, am no, dial kylam no or al koxy substituted

or.i.s substituted, and containing 1 40 rbon .
a2l LRERERbNG Bl cofiesiibmet anihantsdaigs 16 % 78 wherein
nonoet hipeedthEeddmpMSRIBY i3 850I1)BIRT pSiyanfiiear boxyl i c
acid of 3 to 10 cgr bon(%xlorrs vvhergpt Eg al kyl

substituent contains | to 40 carbon atons; an

N-yi nyl . f r l ] [

Ao SRR TR ARLED. wilheh 48 foiotnor
ni t r ogeolgamnird i8izngolybritkylsyes tiatnine WHeSA; ezohdalkylene unit
enployed In (i)(b); at |least gne 1-olefin conprising
about ~ 2ngdyiduedy cantsins eBhd toP Carbenea®Msne pol yol ef i n
conpri sing about 4 to about 360 carbon

22.  The lubricating oil composition of claim 21 wherein the oxyalkylene

moiety is oxyethylene or oxypropylene, or mixtures thereof.

23.  The lubricating oil composition of any one of ¢claims 18 to 20 wherein

the polyether polyamine is polyoxyethylene diamine.

24.  The lubricating oil composition of any one of claims 18 to 23 wherein

the copolymer is copolymer (i).

25.  The lubricating oil composition of any one of claims 18 to 23 wherein

the copolymer is copolymer (ii).

26.  The lubricating oil compaosition of claim 25 wherein copolymer (ii) is
polyPIBSA, obtained by the free radical catalyzed reaction of maleic

anhydride and polyisobutylene. |

27.  The lubricating oil composition of any one of claims 18 fo 23 wherein

the copolymer is copolymer (iii).

28.  The lubricating oil composition of any one of claims 18 to 27 wherein
the aromatic amine is selected from a group consisting of N-
arylphenylenediamine, aminocarbazole, amino-indazolinone,
aminomercaptotriazole, aminoperimidine, and aryloxyphenyleneamine.

29.  The lubricating oil composition of claim 28 wherein the aromatic amine
is N-arylphenylenediamine.
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atons and having a term nal copol ynerizable group in
the formof a vinyl, vinylidene or alkyl vinylidene
group or mxtures thereof, provided that the olefin
enpl oyed is not the sanme as the olefin -66 (iii) a

coonnties MERARRS pflopRESHend AR A berdihe ™
i ni ti atNrErylphdRyléhediaffifg isy NEshedliphich§iéredidmihe.

reacting conpound (i)(a) wth conpound (i)(b) or
(i)(c) in a non-free catalyzed reaction in the

0r b By bereanty R Cobinke et TRV o B8 3 Bjreroin
or bot hcompdund@)(bpof ¢omeymard(icislpotyitcbytead haemgta nomber

product of co un i) ( d conmpound (i)(b) or
(i) (c):;aveipgé C%at:lg@gyt)ggggt (@Q@fé%%ﬁ zg'gpfpound sel ect ed
fromthe group consisting of an ether polyam ne, a

pol yet her pol yam ne, a pol yether am no alcohol, a :
podZiet hBwe mbricatind pd icompoditienyod lapytdrer ofpclbiped 18 &nd1 Wherein
at | east,, qne ar.omatic.am.ne. 36.. The | ubricating oil

addi 1 DR AUPRREHYI i panYslEide T GeT heFeor.

copolynmer (iii)(b), said copolynmer (i) or copolyner

(iﬁiﬁ or_both are 20 contacted with the non-free _
r atft.cal Thealubrigating pibgomipesitionsd aoy arfe ofcadaipusuhdl tq 81 wdierein

and co - (] cdn t esence of
conponer@?&%% 6}(%@@@3@4%&5@%@el%&r§2@%8@ ot

di spersancy in an internal conbustion 25 engine which
cp?rrg)rises operating the engine with the lubricatin
oids.

conpgsiubrisating b craiprgitianedasy aneceimlaigrs B8 to a? wherein
L ubri cahl W siERTbE M)(c) is a 1-olefin.

36. A method of making a lubricating oil additive composition comprises
reacting

(A) atleast one of the following copolymers:

(i) a copolymer obtained by free radical copolymerization of

components comprising:

(a) atleast one monoethylenically unsaturated C3-Css
monocarboxylic acid or ester thereof, or a C4Cozg

dicarboxylic acid, anhydride or ester thereof;

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

or mixtures thereof; and
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and an effective anount of the lubricating oil
additive conposition of claiml. 30

(c) atleast one monoolefin compound which is

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

(1)

(2)

(3

(4)

)

an alkyl vinyl ether and an ally] alkyl ether
where the alkyl group is hydroxyl, amino,
dialkylamino or alkoxy substituted or is
unsubstituted, and containing 1 to 40

carbon atoms;

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

40 carbon atoms;

an N-vinylcarboxamide of carboxylic acids

of 1 to 8 carbon atoms;

an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

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

employed in (i)(b);
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36.

37.

(iiiy  a copolymer obtained by reacting compound (i}(a) and
compound(i)}(b) in the presence of a free radical initiator;

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

(B) atleast one ether compound 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.

The lubricating oil additive composition of claim 35, wherein in

copolymer (jii)(b), said copolymer (i) or copolymer (ii) or both are
contacted with the non-free radical catalyzed reaction product of
compound (i)(a) and compound (i}b) or (i){c) in the presence of

component (C).

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 viscosity
and an effective amount of the lubricating oil additive composition of

claim 1.
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