A LUBRI CATI NG O L ADDI TI VE COVPOSI TI ON AND METHOD OF MAKI NG THE SAME FI ELD
OF THE I 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 nmaking the same. 10BACKGROUND OF THE | NVENTI ON

It is knowmn to enpl oy taj.nin ersants and/or detergents in
the formul ation of ﬁLbﬁ%ﬂﬁ}ﬂﬁ& 6&&5@?‘%@1‘2530%@15[340?“% known
dlspersantJdetergent conpmms%@@e@nmm@m_fe%m@n of an

15al kenyi succi nic acid or anhydride with an am ne or pol yam ne to produce
an al kenyl succi ni m de or an al kenyl succinam c acid as determ ned by

sel ected conditions of reacti EL%FW the | ubri cant

manuf acturer is dispersancy of‘pﬁh—mﬂmm n internal conbustion
engi nes. Failure to have adequate particulate matter disoersancy may result
in filter plugging, 20sludge accumnulation, and oil thickening. DESCRI PTI ON
OF THE RELATERS ARRFeD] Gvetich) is dingces toaareimerRBed 6isPersBREddiivScl oses a

| ubricating ol Camhomat sQbca%h Rl EOSRL L8ES: 18 1B Qfe AR W OlpAL Ol of
lubricating vi sgosmy; and” a m nor’ anounit of a synérg |c Conbr hat i on of
an anti oxi dantzkthicsperssart additive and a di sper sant add| tive, said

conbi nation conprising: (i) a polyisobutylene succinimde (P1BSAD) and (ii)
an et hyl ene- propyl ene succini m de (LEPSAD). 30Nal esnik, U S. Patent No.

5, 138, 6885 di scl oses an adc@;ﬁawgmmgsgplm QeUPRTSHRY an oxi di zed

et hyl ene copol yner or terpolymer o - al pha-nonool efi n and,
optionally, a non-conjugated diene or triene which has been reacted with a

conther o1l S Pd i PRI 80 B0 G BB R R BB TRRP b8 nea by

5free radi calicreapslonsEnisrassting obfcoatpdstrsts. MReyIReekhyheni cal |y
unsat urated 04-06 d| car boxylic acid or anhydride thereof, an oligoner, and
one monoet hy IFEMIEEEANTY SieREat FERIRYNES MFB saed on the reaction of an

15 alkenyisuccinic acid or anhydride with an amine or polyamine to produce an

atkenylsuccinimide or an alkenyl succinamic acid as determined by selected
conditions of reaction. One problem facing the iubricant manufacturer is
dispersancy of particulate matter in internal combustion engines. Failure to
have adequate particulate matter dispersancy may result in filter plugging,

20 siudge accumulation, and- ol thickening.

CESCRIPTION OF THE RELATED ART

Liuetal, U.S. Patent No. 6,117,825, discioses a lubricating oit compesition

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

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

alpha-monoolefin and, optionaily, & non-conjugated diene or triene which has
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Qunther et al., U S Patent No. 6,284,716, discloses a lubricating oi
10conposition conprising a lubricant oil and a copol yner obtained by free
radi cal copol ynmerization of at |east one nonoethyl enically unsaturated
04- 06 di carboxylic acid or anhydride thereof, an oligoner, and one
nonoet hyl eni cal | y unsaturated conmpound, wherein the copolyner is further

reacted Wt h,an @BLR8 wilrs 'T@ri’nﬁéié@rﬂ/o%tcc%gg?oud& ahd Wth StaRo-atorfidde 729,

di scl oses a di spersant terpolynmer "and ysucci ni mde conpositions derived
from t he terpayamiesesonfieinder pol ymer i s obtained by free radical

copol yneri zation of an unsaturated acidic reagent, a 1l-olefin, and a
1,1-disubstituted olefin in the presence of a 20free radical initiator.

Barr et al.,GUn$er Pahient SNeateht 606 462,0581 grkrses sacdddprheadttageaibl
additive con&osi tion that is the reaction product of (i) a copolynerized
u

ol efin ard ufigafanict sarelPsalioe Ohslpashwg mesnetwsmEY WiFelrafe r ee

radi cal initgatar: ggg-i' éx;g%i" 1 r.ep fr acyclic
hydr ocar byl ?ﬁ%%ﬁ“%ﬁte h(s:ualé%ﬁ ﬁrl C CQPEEE:‘%%OQSZ%‘?{Q%‘ raglﬁ)@oﬁﬁgrni ne wherein
t he hydr ocar bhyinosthlystidally et ssticetedicomgeydndt i ng agent i s prepared by

reacting a polyolefin and an acyl ati ng agent under conditions such that at
| east 75 nole % of the starting polyolefin is converted to the

hydrocar byl - sybatdrtaybe dUssIpatdhit ¢lcaeylsat 7 110 draeites SRpHRAsON et al ., U S
Patent No. 6,451, 920, discloses copolynerizing a pol yal kene and an

unsat ur at@d aemgpeitipeggeisinga lubwieaNtsy! anshe CPRG YRS obtpirehlyY &8epol yal kene
ith th t 1 di.Cui t : i
bresence of - L tbd oA REENEaG o HERbERLITIRRILERS5E G5 and

5,744, 429, didkedrioseiia aniddrardydfid® trdeedfy ahictigdmet hwyleoes al pha ol efin

copol ynmers, wherein functional oups are grated opto the copo r. The
functi onal i zéﬂowl%‘?'& %nsrﬁtg(ggpc{;(fqrﬁp%qn : e'&ﬁ&&?%‘ﬁ”ﬁﬁi‘#@%@f cohol ,

i ncl udi ng polyQtted afng agrhol etc. to formnulti-functional viscosity
i ndex inprover additive conponents. 10Harrison et al., U S. Patent No.

5,112,5075 di scl oses novel copol yners of unsaturated acidic reactants and

ol ocul ar ver GHECOT Bl Fin CombAL et R G kT Tene Pair gp e
copol yners arsndus@fdilccasmiisspensaitiansiderivelbrfipatiagredihseandnkuel s and al so

may be used to prepare polysuccini m des 15and other post-treated additives
useful in | ubPIROAMAYS SiPfaiNaHhAY figsIradicaUrMISIN E12atios Hroadssturaivbodi nent |

the present disg isdi € i : i i oi |
addi {1 ve. compiay b1 ot ® L AERE R P e Rl e e BReh et ol g
20  free radical initiator.

Barr et al., U.S. Patent No. 5,670,462, discloses a iubricat'mg oil additive
composition that is the reaction product of (i) a copolymerized olefin and
unsaturated carboxylic acylating agent monomer with a free radical initiator
25  and (i) a succinimide prepared from an acyclic hydrocarbyi substituted
succinic acylaling agent and a polyamine wherein the hydrocarbyl substituted
succinic acylating agent is prepared by reacting a'potyolef%n and an acyiating
agent under conditions such that at least 75 mole % of the starting potyolefin
is converted to the hydrocarbyl-substituted succinic acylating agent.
30
Harriscn et al., U.S. Patent No. 6,451,820, discleses copelymerizing a

polyalkene and an unsaturated acidic reagent, foliowed by reacting any
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(A)at | east one of the foll ow ng copolynmers: 25(i)a copol yner obtained by
free radi cal copol ynerization of conponents conpri sing: (a) at | east
one nonoet hyl eni cally unsaturated 03-028 nonocar boxylic acid or ester

t hereof, or C4-028 30di carboxylic acid, anhydride or ester thereof; (b) at
| east one 1-olefin . conprising about 2 to 40 carbon atons or at |east one

pol yol efin CQmpééc‘ié@gm?m@he%mhe%msaé’aﬁgte@aédma r8hQuR ARkVARMi Nng a
term nal copol ynerizable group in the formof a vinyl, vinylidene or alkyl

vi nyl i dene griempetatunsssin thepraseaceofa skpag®CE) 10 15 at | east one
nonool efi n conpound which is copol ynerizable with the nononers of (a) and
(b) and is selected fromthe group consisting of: (1) an al kyl vinyl ether

and an allyl @hiley etefiher.Swhetent Nos. BURY|700r a5 78 4ol dietloseaninbaure of
di al kyl am no or al koxy substituted or is unsubstituted, and containing 1 to

40 car bon at odivalizad alyeneyd PERPIFEN SROEMENS alvk §TaAmitighalgroups are

nmonoet hyl eni c r N i-car o | ; : 0 carbon
atons where t ghé? E@@a@%b% i%'g/ue“hf ?g%ﬂ{%ﬁ?r?ggri&?ég%oﬁ%@rgL%nﬁg?gr\?@? a1'(20(3) an
N- vi nyl car boxiaatideneodi aranininey leiamhat irdsudifig botvol, &amiackseotat etssjo {ofn an
N-vinyl substituted nitrogen-containing hetergcyclic conpound; and 25 (5)
at |east one MUBHENEYRRS FP§‘§3h‘§d%5?}?g}2’ef BSQ%V%QPBW%{%WB or at |east one
pol yol efin conpri sing about 4 to about 360 carbon atons and having a

term nal copol ynerizable group in the 30formof a vinyl, vinylidene or

al kyl viny0i depeisgnaapl., U.S. Patent No. 5,112,507, discloses novel copolymers of

unsaturated acidic reactants and high molecular weight olefins wherein at
least 20% of the total high molecular waight olefin comprises the
alkylvinyiidene isomer which copoiyvmers are useafui as dispersants in
lubricating cils and fuels and aiso may be used to prepare polysuccinimides

15 and ofher post-treated additives usefui in lubricating oils and fuels.
SUMMARY

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

20 lubricating oil addiive composiiion prepared by the process which comprises

reacting
(A) atleast one of the following copolymers:

25 {H a copolymer obtained by free radical copolymerization of

components comprising:

(a)  atleast one monosthylenically unsaturated C3-Cgs
monocarboxyilic acid or ester thersof, or C4-Cog

30 N dicarboxvlic acid, anhydride or ester there‘of;

(b)  atleastone 1-olefin comprising about 2 to 40 carbon
~ atoms or at least one polyolefin comprising about 4 to
-3-



or m xtures thereof, provided that the olefin enployed is not the sane as
the olefin enployed in (i)(b); (ii)a copolyner obtained by reacting
conmpound (i)(a) and conpound(i)(b) in the presence of a free radical
initiator; 5(iii)a copolyner obtained by (a) reacting conpound (i)(a) with
conmpound (i)(b) or (i)(c) in a non-free radical catalyzed reaction in the
presence of copolyner (i) @GECEPBLYERSMEIFnH HvifRos Brnfifal R¥pbRinetoabact i ng
copol ynmer (i) or copolyner (ii) or both with the non-free radical catalyzed
reaction product of conmpouroEP )N B feoard emyovintlidane@)alied vinviidene with
(B) at |east one ether co 09&%%}5&%&8 the group consisting of an
et her pol yam ne, a pol yethetr polyam ne, a polyether am no al cohol, a
pol yether am no thiol, and a polyether polyol; and 15 (C) at |east one
aromati c amne. The present qi s%I osure isﬁgl so directed to a lubricating
oi | composition cgsrpri RSP e BrOAREN P MPOYER NN §f | ubri cati ng
viscosity and a m nor 20anmoghpol & i ! i i £d sition
prepared by the process which c%ﬁ%r%%éi%ggtémgﬁ(Argt&@aﬁd/@r@%gﬁgt he
fol | owi ng copol yners: 25(i)seledpefipiethaopfaipreslsfing o&e r adi cal '
copol yneri zati on of conponents conpri sing: (a) at |east one
nonoet hyl eni cal | y unsaturated C3-C23 nonocarboxylic acid or ester thereof,
or CA4-C25 30di carboxylic aci{ld, amhyityi deyiosthestes ah b&%?i%(uiyﬂ ofyr verbeast one
1-olefin_ conprising about 2 to 40 carbon atonms or at |east one pol yolefin
conpri si ﬂé about 4 to -5- 360 AP Srews sdndresdiarging, dieteiataino or |
copolymerizable group in the foramof aNdiftled ofid¥hJAIRARASE, AHckY!
vi nyl i dene group or m xtures thereof] an

containing 1 to 40 carbon atoms;

(2)  an alkyl amine and an N-alkylamide of 2
15 maonoethylenicaily unsaturated mono- or
dicarboxylic acid of 3 to 10 carbon atoms where

the alkyl substituent contains 1 to 40 carbon

atoms;

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

& carbon atoms;

(4} an N-vinyl substituted nitrogen-containing
_ heterocyclic compound; and
25

(5) atleast one 1-olefin comprising about 2 to
40 carbon atoms or at lsast one polyolefin
comprising about 4 to about 360 carbon atoms and
having a terminal copolymerizable group in the
30 form of 'a.vi_nyi, vinylidene or alkyl vinylidene group

or mixtures thereof, provided that the olefin
employed is not the same as the olefin employed
in {H(b);
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at | east one nonool efin conpound which is copolynerizable with the nononers
of (a) and (b) and is selected fromthe group consisting of: (1) an al kyl
vinyl ether and an allyi alkyl ether where the al kyl group is hydroxyl,

am no, dial kylami no or al koxy substituted or is unsubstituted, and
containing 1 to 40 carbon atonms; (2) an al kyl am ne and an N-al kyl am de of
a nonoet hyl eni cally unsaturated nono- or dicarboxylic acid of 3 to 10
carbon atons where the al kyl substituent contains 1 to 40 carbon atons;
20(3) an N-vi nyl car fgxanedepofymeacbmiydd byaecedmngoforipaundgitgrandn at ons; (4)

an N-vinyl substituted nitrogen-gqntaining heterocyclic.c ound; and 25
(5) at |east one 1-ol ef F?\mBB.‘rg}%%)&%Hé%%B(f?s%c?dﬁﬁgy arﬁﬁt?ﬁ%éqﬁ%ﬁor at | east
one pol yol efin conprising about 4 to about 360 carbon atons and having a

term nal copol ynerizable group in the 30formof a vinyl, vinylidene or
al kyl vi nyPi dene grlup &reopplytiar eblaiprd suf(2) maslingeamppend (@) witsf i n

enpl oyed is not the sant . i I i L ; I .

copol ymer obt ai ned by E%o??%@gé'gﬁgétmgm %é?gaﬁlﬁ% rgé‘%@?%@%%%%# %%Eﬁ:ih(r}]nthe
presence of a free radi (i:raiheim’ets_ézaieoasf;cdﬂdl?dweﬁ(iﬁ@p@ip}b?&ﬁerqb)t@ciMﬂﬁi; dyby( @)
reacting conpound (i)(a), with conpound (i)((b) or &1) c) in a non-free

radi cal catal yzed react (®FaRIRE Goraareiellio?r wepomyamt) ¢rbotewibdpel ymer
(ii) or both; or by (b) I I e - L | i . Qr both
with the non-free radi Cgﬁﬁgf'ae%gr{ayzﬂ%é&?cg cti orflsaﬁ{r’%ndgrrgtdﬁgtwc% é}tlf&g ((}@?a)
10and conpdund (i) (b) oranfDoc)gouwndt(H(b)By (Bfc) edst one et her conpound
selected fromthe group consisting of an ether polyam ne, a polyether

pol yam ne, a pol yether am no al cohol, a polyether amno thiol, and a

pol yether pol y@y afdedst chEletidr doPRSIurRNSiBEREBII RS8P consisting of zn
ether pol'yamine, a polyether polyamine, a polyether amino alcohol, a
polyather amino thiol, and a polyether poiyol; and
15

{C) atieastone aromatic amine.

The present disclosure is also directed to a lubricating o1l composition
comprising a major amount of an off of lubricating viscosity and a minor
20 amount of the iu’bri'caﬁng oil additive composition prepared by the process

which comprises 'reécting
(A}  atlieast one of the foilowing copolymers:

25 {0 a copolymer obtained by fres radical copolymerization of

components comprising:

(a) atleast one monoethylenically unsaturated Cs-Cog
monocarboxylic acid or ester thereof, or C4-Cps

30 - dicarboxylic acid, anhydride or ester thersof,

(b) - atleast one 1-olefin comprising about 2 to 40 carbon
atoms or at least one polyolefin compriéing- about 4 o
-5-



The present disclosure is also directed to a nethod of making a |ubricating
oil additive conposition which conprises reacting 20 (A)at |east one of the
foll owi ng copolynmers: (i)a copolynmer obtained by free radical

copol yneri zati on of conmponents conprising: 25 (a)at |east one

nonoet hyl eni cal | y unsaturated 03-028 nonocar boxylic acid or ester thereof,

or 04-028 dicarboxylic acigen asyerdteiesamndeasiviig & hemsokl caddoatzabeast one
1-olefin conprising about 2 to 40 carbon atons or at Ieask one{.BoI gol efin
conprising about 4 to 360 @@HBJR the B @ralviRkl Vi iGeqePhalsy vinyiaen

copol yneri zable group in é,tb% f QM Rfrcd t¥dB¥t anMi nyl i dene or al kyl vinyl

i dene group or mxtures th regf;' an ?c) at [éast one nonool efin conpound
whi ch i s 5copol ynerizable with the nononers of (a) and (b) and is sel ected

fromthe group consisting of: an al kyl. vinyl ether. and an allyl alkyl
et her where {c) a{ feagé%ne monooYefphCéa Wd ‘6&‘856% s hydroxyl ,
am no, dial kyl am no or 10alkgxymebsbietwitietheahohSmens ohisl ahdtisdhndisd
containing 1 to 40 carbon atons; 52) an al kyl am ne and an N-al kyl am de of
a nonoet hyl eni cal | y unsat ursateste thgroragareas B8P c acid of 3 to 10
carbon atons where \
(1) an alkyl vinyl ether and an allyl alkyl ether where .
10 the alkyl group is hydroxyl, amino, dialkylamino or
atkoxy substituted or is unsubstituted, and

containing 1 to 40 carbon atoms;

(2)  an alkyl amine and an N—alkyiamide of a
15 monoethylenically unsaturated monoc- or
' dicarboxyiic acid of 3 to 10 carbon atoms where

the alkyl substituent contains 1 to 40 carbon

atoms;

20 (3)  an N-vinvicarboxamide of carboxyiic acids of 1 to

8 carbon atoms;

(4)  an N-vinyl substituted nitrogen-containing
heterocyclic compound; and
25

(5) atleast one 1-olefin comprising about 2 1o
| 40 carbon atoms or at least one polyolefin
comprising about 4 to about 360 carbon atoms and
having a termina copolymerizable group in the
30 _ 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 (H)(0); | |
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the al kyl substituent contains 1 to 40 carbon atons; (3) an

N-vi nyl car boxam de of carboxylic acids of 1 to 208 carbon atons; (4) an
N-vinyl substituted nitrogen-containing heterocyclic conpound; and 25(5) 30
at | east one 1-olefin conprising about 2 to 40 carbon atons or at |east one
pol yol efin conpri sing 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 mxtures thereof, provided that the olefin enployed is
not the sane as tH#) ol eftapolmeroynsaingd o eElling comppane 6él §Rér obt ai ned by

he L) Lohes Ter ol
adical Vimi 1ator (14 Y RTERBB0 e ahE e o LR B S Round (1) (a)

wi th conmpound (i)(b) or (i)(c) in a non-free radical catalyzed reaction in
Cont act i g copol yreh D)3 BFSUpEl JRERSELy o1 BB RBGUREHYE KGR YIRS radi cal

oy h (B ar | cattRRn<BRBR IO ot s PP Ao e

consi sting of an ether ipdhyarseeces af popyetieen(i) pokypoiymer (i§ qpbdbietdiéy am no
one aromati 6 anine. A 0 EeTSEdmL eI O absr GOy Es U bigM WP Mt i ng i i

addi tive conposition prepared @éx%@%@%&dﬁ%%ﬁ%icgﬁmﬁaqa(iapg (A at
| east one of the follow ng copolyners: "(I)a copolymer obtained by free
radi cal copol yneri zat i oandftompound {i)b} or {D{c); with

(B)  atleast one sther compound selected from the group consisting of an
sther polyamine, a polyether polyamine, a polyether amino aicohal, a

polyether amino thiol, and a polyether polyol; and

15 _
(C) atleast one aromalic amine.
The present disclosure is also directed to a method of making a lubricating oil
additive composition which comprises reacting.
20 _ |
(A) atleast one of the following copolymers:
{N a copolymer obtained by free radical copolymerization of
components comprising:
25
{a) alleastone rhonoethyjeni—caliy unsaturated Cy-Cos
' monocarboxylic acid or ester thereof, or C4-Cag
dicarboxyiic acid, anhydride or ester thereof,
30 {(b) alleastones 1-olefin comprising about 2 to 40 carbon

atoms or at least one polyolefin comprising about 4 to

360 carbon atoms and having a ferminal copolymerizable

-7 -



conponents conprising: 10 (a)at |east one nonoethyl enically unsaturated

C. 3-028 nonocarboxylic acid or ester thereof, or 04-028 dicarboxylic acid,
anhydride or ester thereof; 15(b)at | east one 1-olefin conprising 2 to 40
carbon atons or at |east one polyolefin conprising 4 to 360 carbon atons
and having a term nal copoiynerizable group in the formof a vinyl,

vi nyl i dene or al kyl vinyli i xt.ures. 20t her eof, and.(c) at
| east one nonool efin conpogcﬁg%vﬁf@hlé&f)g'{qc(g]éo\"g}%?’ﬁn%gc{ﬁn@ %qlwt\’ﬁ’é’“ﬁ%‘?‘mmrs of
(a) and (b) and is sel ect edyrbupor tiiduggotieresmsahgti ng of : 25 (1)an al kyl

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

unsubstituted, and conichi ni G detlhetonabiRAn AMAMELA An al kyl anine and
i |y unsaturate

an N-al kyl am de of a nobnhoethylenically nono- or di carboxylic
acid of 35to 10 carbon at onpoineedzabievihkyb rsoloshésudiis) arahthiamg id to 40

carbon atons; (3) an N-viny|carboxam de of carboxylic_acids of 51 to 8
carbon atons; (4) an N Vi nyﬁe?%ﬁggfﬁo%ﬂ&gﬁﬂutpr%@ﬁ%@%r?fc‘ai ni ng heterocyclic
conmpound; and 10(5)

(1) an alkyl vinyl ether and an allvl atkyl ether where
the alkyl group is hydroxyl, aming, dialkylaminc or
10 ' alkoxy substituted or is unsubstituted, and

containing 1 to 40 carbon atoms;

(2) an alkyl amine and an N-alkylamide of a
monoethyienically unsaturated maono- or
15 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
20 8 carbon atoms;

(4)  an Nwvinyl substituted nitrogen-containing

heterocyclic compound; and

25 {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
30 ‘ or mixtures t.hereof, provided that the olefin

employed is not the same as the olefin empioyed

in (Hb);



15 at least one 1-olefin conprising 2 to 40 carbon atons or at |east one
pol yol efin conprising 4 to 360 carbon atons and having a term nal

copol ynmeri zabl e group in the formof a vinyl, vinylidene or alkyl
vinyl i dene group or mxtures thereof, provided that the olefin enployed is
not the sane as the olefin enployed in (0(b); (ii) a copolyner obtained by :
reacting conpound (0(a) and 20conpound(i)(b) in the presence of a free
radical initiator; (iii) a copolyner obtained by (a) reacting conpound

O(a ith co nd (i) (b ; i - i : talyzed
§e<(atc%i\cl)mn in tm;c@r es%w&%ogﬁ%o%bg%@%%:@(ri%?gﬁb é@@?ﬁ’gﬁ%‘z@ ? ﬁ?) o)rlzboth; or ;
by (b) contacting copehipaahd(ii(h) artheqpesyrerof(d fre oadibsitihitiaorh t he non-free

radi cal catal yzed reaction product of conpound (0(a) and conpound (i) (b) or
(D(c); with (B) at |east one ether conpound selected fromthe group

consi sting of ag@‘ﬁt h%rcd%ﬂi%ﬁ%? @tﬁ?i”@dw Qégg?ﬁtir@oédfﬁﬁbm (ifaPRittyet her am no

al cohol, a poly er amno t and a yet her pol ypi; and (C% at | east
one aromatic am ne selcewicenhdt {f)dmha (Htwup acumsirse radjcefcatalyzed reaction

35N- aryl phenyl enedi ani ne, am nocatrbazo| e, i nQ-indazoli .
ami noner capt ot ri azol € ?%%PW?&QF? i a?ﬂ%g_,ymf?ﬁgiwgf ﬁ?BQ}fﬁ}?EW{Bg%%hmoﬁgy A
second aspect provi de%a)@ohﬂégﬁhggég)(ﬂgnﬁﬂ(]) 6P 6D =P il \coMth §dthgha gy or
amount of an oil of lubricating viscosity and a m nor amount of . tEe
| ubricating oil addi thwefreenpdislicatalypee FrRadianbyotne 95 CoFReENGNIE
conprises reacting (A)at | , e..of .t:he..f gl ow ng copol yners: (i)a
copol yner obt ai ned bygﬁ 8%%$§gpggf‘bgébﬁﬂy)rm@{lhzati on of conponents
conpri si ng: '

(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)  at least one aromatic amine.



(a)at | east one nonoethyl enicaliy unsaturated C3-C25 nonocarboxyiic acid or
ester thereof, or. a 04-026 dicarboxylic acid, anhydride or ester thereof;
(b)at least one 1-olefin conprising 2 to 40 carbon atons or at |east one
pol yol efin conprising 4 to 360 carbon atons and having a term nal

copol yneri zable group in the formof a vinyl, 5vinylidene or alkyl
vinyl i dene group or m xtures thereof; and (C)at |east one nonoolefin

conpound which is tepamddthly thdhe
mononers of A ﬁyst asbc{ PPvIErga Al oflgsoldl "elé’{”éﬁat‘ﬁgé)h %dﬁgg}g%ggé{ﬁg%lﬁg?sﬁang blgf (1)

an al kyl VI n et her %hoal kyl ether where the alkyl group is
hydr oxyl , ?1%3 H’S]:ﬂl %%Q%sgge%r koxy substituted or is 15unsubstituted,

and cont ag n| ng 1 to 40 carbon atons; (2) an al kyI am ne and an N-al kyl am de
of a

. non |.enically unsaturated
mono- or 20di car b@iy! |%t‘§§$td3rl?f0f§h?6°§?dw%%lc88ﬁ %?TB where the al kyl
substituent contains 1 to 40 carbon atons; (3) an N vinyl carboxam de of
carboxylic acids 250f 1 to 8 carbon atons;

M a copolymer obtained by free radical copolymerization of

components comprising:
10
(a)  at least one monoethylenically unsaturated C2Cas
monocarboxylic acid or ester thereof, or Ca-Cos

dicarhoxylic acid, anhydride or ester thereof;

15 (b)  atleast ons 1-oiefin comprising 2 o 40
carbon atoms or at least one poiyoiefin comprising
4 to 380 carbon atoms and having a terminal
copolymerizable group in the form of & vinyl,
vinylidene or alkyl vinylidene group or mixtures

20 thereof, and

(c) atleast one monoolefin compound which is
copolymerizable with the monomers of {2) and (0)

and is selected from the group consisting of:

(1) an alkyi vinyl ether and an allyl alkyl ether
where the alky! group is hydroxyl, amino,
dialkylamino or alkoxy substituted or is
unsubstituted, and containing 1 o 40 carbon

30 atoms;

(2} an alky! amine and an N-alkylamide of a
monoethyiznically unsaturated mono- or
dicarboxylic acid of 3 1o 10 carbon atoms

9a



(4) an N-vinyl substituted nitrogen-containing heterocyclic conpound; and
30(5) at least one l-olefin conprising 2 to 40 carbon atons or at |east one
pol yol efin conprising 4 to 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 ther EOf‘Mﬂ %ﬁ% glgyit U%E’%:‘L%ﬁﬁo&}”%'h% I oyed is

not the sanme as the ol efin enployed tai ned by
reacting conmpound (0(a) and conpound{d k@jon atote presence of a free
radical initiator; (iii) a copolymer obtained by (a) reacting conpound
(i)(a) with corrpound (i)(b) or (0(c) in a non-free radi cal catal yzed
reaction in the presence of cop@d)ynean N-yingicagusparyerep! ¢aPyxdie BFHKCT or by
(b) cont agtl ng copolymer (i) or copo| yhercdrbbn a@mdoth with the non-free
radi cal tal yzed reaction product of conpound (0O(a) and conpound (0O(b) or
(i)(c); wth (B) at |east one ether conmpound selected fromthe group

consi sting of an ether polyani nﬁ, a mlwatﬁyﬁgumﬁ\ﬁammmgea«mﬂ@&emer am no
al cohol, a polyether amno thio gﬁf ﬁ ! Igfﬁ{ O;&%yg and (O at
| east one aromatic amine sel ected fromnttR& %Po REonsi stl ng of

N-aryl phenyi enedi am ne, am nocar bazol e, am no-i ndazol i none,

am nonmer captotri azol e, am noper tﬁﬁ] di QF a%@gngqy&igﬁryQ%gy&g@@%ne A third
aspect provides a nmethod of nmaking a r| catin ditrve CO%EOSIH on

whi ch conprises reacting (A)at |east 4@rfé3fbpntaﬁé’n$§f FbigRRPEpYY 9 /FER

copol yner obtai ned by free radical cggg{;ym%] Zad 380 cafogponponent s
conprising: (a) at |east one nonoethy| eni cal

unsa urated 03- .
nonocar boxylic acid or ester thereof % rbag)??PPig%gegzlzai?le
anhydride or ester thereof; (b) at Ieﬁsnpmmimaﬂammdn‘pnylsieng@ to 40

carbon at ggns or at |east one polyol ef], q}? f’dla %goqb 6%%@938%&%8}‘ at ons

and having”a term nal copol ymerizabl € vin
vi nyi ki ene or al kyl vinylide.ne groumr@mdﬁdxﬂﬂa’f% al¢fer eoplovad & (’@t)th%t | east

one nonool efin conmpound which is copogé/rﬂgrésztgblo%ﬁﬁérh bhes rpmeser s of (a)
and (b) and is selected fromthe group consisting of: ( yan al Kyl vi nyl

ether and an allyl al kyl ether
fiy  acopolymer obtained by reacting compound (i)(a) and
20 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 copoiymer (i) or

23 " copolymer (if) or both; or by (b) contacting copolymer (i)
or copolymer (i) or both with the non-free radical
catalyzed reaction product of compound (i)(a) and
compound (i)(b) or (){c); with

30 (8)  atleast one ether compound seiected from the group consisting
of an ether polyamine, a polyether polyamine, a polyether amino
aicohol, a polyether amino thiol, and a polysther polyol; and

(C) atleast one aromatic amine selected from a group consisting of
N-aryiphenylenediaming, aminocarbazole, amino-indazoiinone,

L2
wn

aminomercaptotriazole, aminoperimidine, and
aryloxyphenylensamine.
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where the al kyl group is hydroxyl, amno, dialkylamno or al koxy
substituted or is unsubstituted, and containing 1 to 40 carbon atons;
5(2)an al kyl amne and an N-al kyI am de of a nonoethyl enically unsaturated
nono- or Ci |£aédmmalsp@t @mvcﬁeefa 18bsi@atih@ odanobyposisivo remphiemng atmeoaamyllmt of an
substituent contains . car.bon. at ons N-vi arl boxam of
carboxylic a¥} @i%lub’flcafmﬁd’l%o%ﬁ’r%ﬁ ’Efné’ﬁﬁmotlat)o% ﬁf—bﬁcﬁtﬁﬂg %‘E%’% sha-i BB

ni trogen- co r@%ﬁb&& Be&eeggg,}{&hlcg Mg@m and (5) at |east one 1-olefin
conpri sing car bon atons or t | east one pol yol efin conprising 4 to
360 carbon 20at ons and havi ng a term nal copol ynerizable group in the form
of a vinyl, vinylidene or al k Vi néj i dene g q f%g m xtures thereof,

provi ded that thdl efdt FaSHAN® %Hﬂﬁ? R%iNg AEPAXME™Sis the ol efin 25enpl oyed
in (i)(b); (iii)a copolyner obtained by reacting conpound (i)(a) and
conpound(i)(b) in the presence of a free radical initiator; (iii)a

copol ymer obt ai ned by ((ja) reezmndtyrget onfriven by inpeapdinet hon;émemaoppj(b) or
(i)(c) in a non-free catalyzed reaction in.the presence of copolynmer (i) or
copol yner (H) or both; or B (A LSMEREH Y T opol ymer (i) or copol ymer (ii)
or both with the non- free radi cal catal yzed reaction product of conpound
(0(a) and compound (O(b) or (0O(c); with (B) at |east one ether co ound
sel ected fromthe group con@Ostlﬁd‘*‘%ﬁFtWWﬁtW&W%@HYﬁ@%ﬁJFE@Fﬁf@f

pol yam ne, a pol yether amino al Gahele.aHgly kel Apnpethk ol » and.a

pol yet her polyol; and (O oné aromatic am ne se ec% ed from
t he group consisting of N aryl phéinyttengit anid)enhadidooasdiazibkeeof,

am no-i ndazol i none, am nonercaptotriazole, am nope_rimdine, and

aryl oxyphenyl eneam ne.

9c



A fourth aspect provides a nethod of inproving soot dispersancy in an

i nternal conbustion engine which conprises operating the engine with the

| ubricating oil conposition conprising a major anount of oil of |ubricating
viscosity and an effective amount of the lubricating oil additive

conposition as defined abo;t%e)i. ngég%%ggéﬁgb?Q}%‘ir{1§ﬂﬁéﬁ§i§§t2 t%lzfd:é gée rel ates

to nmulti-functional l|ubric € usefu

di spersants in an internal conmbusih®BreniizatondbdblED JIESCRIAETI ON OF THE
| NVENTI ON Whil e the invention is susceptible to various nodifications and

alternative forms, specific enmbddcrasf sarbpe s and "AvEIR M &escri bed in
detail. It should be understood, ~ it her ei n of
speci fic enbodi ments is not int ecr?ggwc%{%b%hgﬁyhgﬁ}%?ﬁﬁ C(E;nd \?gylf he

particul ay forms disclosed, but wmitibaescorlkyavipyliddre gnotprr inirurss t o cover
all nodifications, equivalents, and alternatives falling within the spirit
and scope of the invention as déf‘???@% W t he appended clains, Definitions
The following terns used with the description are defined as such: 5The

term"RIB" is an abbreviation for polyisobutene. The term"PIBSA" is an
~abbreviation for polyisobut@yyl slezitnire mphydefideoniPeantarmanisol yPl BSA"

refers to a class of copol yners enpl oyed wi.thi. he 10scope .of, th resent
i nvention which are copol yners p?%'ﬁ?gﬂﬁ éf‘ﬂtgt ﬁ(ﬁn%p%‘ﬁ%&ff@l %rllﬁe@gl |y
unsat ur aﬁﬁ_d C3- 025 monocar boxyl i gnag £hiQki=@FiRH tﬁé‘%ﬂo@@foonéfstiﬁg &#- 023

di carboxyl'i c acid, anhydride or ester thereof which have carboxyl groups,

preferably succinic groups, and pol yi sobutyl groups. The preferred

pol yPI BSA is a copol yner of polyisobuten n i Ae g wvi.ng the
15general fornula: wherein n is( ne Bf E@WE&%@%% gr@%ﬂ %%f %Eﬁ%&are

sel ected from hydrogen, 20 methyl andyvpeiytsoliuyitrobav hgirexyl] &agto, about 30
carbon atons (preferably at |east about 50 carbon atons) wherein either Rl

and R2 are hydrogen and one of R3 anddrakylaminist eiyalk@pcsUsaieher s

pol yi sobutyl, or R3 and R4 are hydrog ng. af is nethyl and
the ot herd s pol yi sobutyl. The pol yPI E@EBQ%EQ ?;rr%fr‘d %9%%“&&% nating,

bl ock, or random 25 The term "succi mQccghornptomefers to a group having
the formula: 5 wherein Wand Z are independently selected fromthe group
consi sting of

(2) an alkyl amine and an N-alkylamide of a

monoethylenically unsaturated mono- or
20 dicarboxylic acid of 3 to 10 carbon atoms
where the alkyl substituent contains 1 {o

40 carbon atoms;

(3) an N-vinylcarboxamide of carboxylic acids

25 of 1 to 8 carbon atoms;

(4)  an N-viny! substituted nitrogen-containing

heterocyclic compound; and

30 (5) at least one 1-olefin comprising 2 o
40 carbon atoms or at lzast one polyolefin
comprising 4 to 360 carbon
atoms and having a ferminal
copotymerizable group in the form of a vinyi,
Gd



--OH, --d, -0-- lower alkyl or taken together are -0-- to forma succinic
anhydri de group. The term"--0--lower alkyl" is neant to include al koxy of
1 to 6 carbon atons. 10 The term "degree of polynerization” refers to the
average nunber of repeating structural units in the polyner chain. The term
"terpolyner"” refers to a pol yner g(erived fromthe f.ree radical

copol yneri zation of at |least 3 npD MP??GP@#K%V{WFH?RQQEH%?W refers to a

nmonounsaturated ol efin that has thexeeudterBenthrbiideAendrpeiddrpn. They can
al so be called al pha-ol efins, and have the follow ng structure: 20CH2 = CHR

where Ris the rest of the ol efi nemnleyed & not the sEme aerthe olefin
"1,1-disubstituted olefin" refers to a di sng(H_t uted olefin, also called a
25vi nyi i dene ol efin, that has the%f’%@ﬁiﬁb’ ucture: CH2 = CRI R2 where
Rl and R2 are the sane or different, and constitute the rest of the olefin
mol ecul e. Preferably, either RlL or R2 is a nethyl group, and the other is
not. The term "sucdidni nadespalynandeiaitasby rerating eoropownd fdeuaed many of the
am de, 5imde, etc. species whigch,are,.al so fornme t he.reaction of a
succi ni ¢ anhydri de wi t h SR RBHY Iﬂbi%t%gggﬁpﬁ%ﬁ?agf%mga?% br, is
succinimde and this term has been generally accepted as neaning the
product of a reaction of an al kenyl- or alkyl-substituted succinic acid or
anhydri de with an 4 ne.a gopadyiper obtainiad/by &joeanting ¢espausddil@ll osed in

nunmer ous references 10 \ wn..in,the art, Certain fundanent al
types of succinim des a%@&?%@P%@l'%ﬁﬁgg%pg%%%r%’géfg%%ra@/ﬁihe termof art
"succi ni nide” are taughtcatdlykbdreaRabe s tOSres2nR8%{ LOBOIEA 1 cR9L;

3,024, 237; 3,100,673; 3,219,666; 3,172,892: and 3, 272, 746, the discl osures

of which are hereby i ncoropeharaidibyr bethepehydb) aontarting eppalymer (i)

"pol ysucci ni m de" refers_t cti raduyct of .a _sugcinic
gr oup- cont ai ni ng copol y%grcgﬁbﬂﬁjéa[ﬁﬁ)a#i ﬁ@h%& Hﬁe’l’ﬂ%n'tfr&erﬁa &e enyl or
al kyi succinic acid deri \wialyesd felcbs ptr@d@ﬁ;frdmw@]m@%oem he fornul a:

0O H .
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) at least one aromatic amine selected from the group consisting

of N-arylphenylenediamine, aminocarbazoie, amino-indazolinone,

arminomercaptotriazole, aminoperimidine, and aryloxyphenylenamine.

Qe



H2C -G M wherein L and M are independently selected fromthe group
consisting of 25 --OH, --C, --Onlower alkyl or taken together are -0-- to
form an al kenyl or al kyl succi nic anhydride group. - 12- The term _
"al kyl vinyl i defgd hedtaployides ny hiederie of smiing ar kbeicatingoofii iditivel equpasition
wei ght ol.efins and pol yal kyl ene conponents having the foll ow ng vinylindene
structure:- swhickhypIpATI§ES RegCEng| kyl or substituted al kyl of sufficient chain
l ength to give the resulting nolecule solubility in lubricating oils and
fuels, thus R generally has at |east about 30 carbon atoms, preferably at

| east about 50 céhbon shfens ope cafe Rlowing @m@@!ymeksu of about 1 to about 6
carbon atons. The term "soluble in lubricating oil" refers to the ability
of a material to dissolve in aliphatic and aromatic hydrocarbons such as

| ubricating oils or fudls mccasté;em@n abianead by frespadichornpolyrierBaéionef m " hi gh

nol ecul ar wei ght ol efins” (i'ncluding polynerized ol efins
havi ng a residual unsaturati 0”%0% b%s‘g#ﬁ)@?'i % nol ecul ar wei ght and chain

|l ength to lend solubility in lubricating oil to their reaction products.

Typically ol efins having abgut 3 S oy ful 1 - Aerm
"hi gh nol ecul ar wei ght pol y@bjkylag“%aa%t%%s% ?%EBgﬁ‘y%i%“&é‘?‘gﬁ%@ég@u ficient
nol ecul ar wei ght such that the pnodmmarbopyiepamiéd)rt&atdrrhlger&utlmraL@a‘ Cai ent

nol ecul ar wei ght are soluble in Iu i.cating oil |caII hese hi gh
nol ecul ar wei ght pol yal kyl gr oup %5’ Iﬁ aggagph\gg t%r tﬁ’%er??‘at ons, 25
preferably at |east about 50 carbon atons. These hi gh nol ecul ar wei ght

pol yal kyl groups rmay be der| ved from hi ul ar .wei ght pol yol efins. The
term "amino" refers to -NR [ whar&FR: ‘ﬂ%e éﬁeg&camgrﬁﬁggpht@ndently hydr ogen

or a hydrocarbyl group. 40 carbon atoms or at least one polyolefin
comprising 4 to 360 carbon atoms and
having a tarminal copolymerizable group in the
form of a vinyl, vinyiidene or alky! vinylidens group
or mixiures thersof; and

(c)  atleast one monoolefin compound which is
copolymerizable with the monomers of (2) and (b)

and is ssiected from the group consisting of;

(1) an atkyl viny! ether and an allyi alkyl ethar

where the alkyl group is hydroxyl, amino,

9f



30 The term"al kyl" refers to both straight- and branched-chain al kyl
groups. - 13- The term"lower alkyl" refers to al kyl groups having 1 to
about 6 carbon atons and includes primary, secondary and tertiary al kyl
groups. Typical |ower alkyl groups include, for exanple, nethyl, ethyl,

n- propyl, isopropyl, n-butyl, 5sec-butyl, t-butyl, n-pentyl, n-hexyl and

the |ike. The term "polyal kyl" refer sd@kYW@O@Ia‘@JWQ$‘§{t9¢ 8T general |y

derived from pol yol efins which are poh{g&}i&u&%dcgﬂ?@k%ﬂ%ﬁrﬁngﬁ {Aapo- ol ef i ns,
y

particularly 1-nono-olefins, such as e ene, propylene, butylene, and the
| i ke. 10Preferably, the nono-ol efin enptmyesiomd,| have 2 to about 24 carbon
atons, and nore preferably, about 3 to 12 carbon atons. Mre preferred
nono- ol efins include propyl ene, butylene, particularly isobutylene,

1-octene and 1-decene. Preferred,opol yol ﬁk%l%igé%@rﬂmtélg%wof 2
nono- ol efimns i ncl ude polypropyleée, pol ybutene, especial ly” pol yi sobut ene.

15 The Lubricating O Additive Conposhthozth@asicelibodsatensicgfnante opr esent
invention is an oil-soluble lubricating oil additiv onposi tion, prepared
by the process which conprises reacti r?gcfbol(ﬁbcaﬁmq 8§§§° gﬁecaé?cr{ﬂ %l | owi ng
copol yners: KGa copol ymer obtai ned by \f#&e thadiigabusapedyeinitziaé hag of
conponents conprising: 25 (a)at |east one nonoethyl enically unsaturated

03- 028 nonocarboxylic acid or ester t 4 eaon@tonar 025 di carboxylic acid,
anhydride _or ester thereof; 30(b)at |east one 1l-olefin conprising about 2
to 40 carbBn atoms or at |east one pol yol efin conprising about 4 to 360

carbon atoms and having a term naf3)copgh yWehiizalogamide of carboxylic acids

of 1 to 8 carbon atoms;

{4) an N-vinyl substituted nitrogen-coniaining

15 heteroccyciic compound; and

(5) at least one 1-olefin comprising 2 o
40 carbon atoms or at least one polyolefin
comprising 4 10 360 carbon
20 atoms and having a ferminat
copolymerizabie group in the form of a vinyl,
vinyiidene or alkyl vinylidens group or
mixiures thereof, provided that the olefin

employad is not the same as the olefin

[
wh

employed in ()(b);



- 14- group in the formof a vinyl, vinylidene or alkyl vinylidene group
or m xtures thereof; and (c)at | east one nonool efin conpound which is
5copol yneri zable with the nononers of (a) and (b) and is selected fromthe

whore the i kyl dibup 1 RguReyP i kAT raRNE OB Loy

substituted or is Unsm&é@wﬁcﬁﬂ(bfmhé%s@malfréé)ré’cﬁc&%@é{&' atoms; (2)
an al kyl amine and an N-al kyl am de of a nonoethyl eni cal Iy unsaturated nono-

or 15di carboxylic acid of 3 to 10 carbon atons where the al kyl substituent
contains 1 to 40 garbo - n N vinyl carboxam de .of  carboxylic
acids of 1to 208&§ar bégﬁgé&gﬁﬂs"r%?%Eﬁm(\?%ﬁ’&@@bﬁwwggl)@

ni trogen-cont ai ni ng hegh eexeldu LOMPPING c)aRd 28-Bha 30 alz4£ast one -

1-olefin conprising about 2 to 40 carbon atons or at |easf one: polyolefin
conpri sing about 4 to @F6tieNIsth ardreMcatcd pepalytardiliongorelyseniihal

copol ymeri zabl e group | e r Lyl . vinylidene or alkyl

vi nyl i dene group or m é(?%étgs OE ﬁ%;{!&g%‘?ﬁ"sﬁéﬁﬁva%%o*é’ﬂ%{ (lgﬂrec%tioé\frf’ﬁ enpl oyed is
“not the same as the ol gfion betpithedeimbniiad Bdicalldstalyacersfigdrer obt ai ned
by readi ng compound (i)(a) and corrpound()i)(b) in the dpr.esenc_e of a free
radical initiator: product of compound (i)(2) and compound (i){b) or (i)(c);

with

(B) atleast one sther compound selected from the group cansisting
of an ether polyaming, a polyether polyamine, a polyather amino

alcohol, a polyather amino thiol, and a po}yether polyol; and

{C) atleast one aromatic amine selected from the group consisting
- of N-aryiphenyienediamine, aminocarbazole, amino-indazolinone,

aminomercapiotriazole, aminoparimiding, and aryloxyphenyisnsamine. -

A fourth aspect provides 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 as defined above.

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

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

DETAILED DESCRIPTION OF THE INVENTION

- While the invention is susceptibie to varous modifications and altemative
forms, specific embodiments thereof and are herein describeé in déﬁail. It
should be understood, however, that the description herain of specific
embodiments is not intended fo limit the invention to the pariicular forms
disclesed, but on the contrary, the intention is {o cover all medifications,

equivalents, and alternatives falling within the spirit and scope of the inventian

as defined by the appended claims, -
Sh



(tii1) a copolyner obtained by (a) reacting conpound (i)(a) wth conpound
(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 copol yner
(i) or copolynmer (ii) or both with the non-free radical catalyzed reaction
product of compound (0(a) and conpound (i)(b) or (i)(c); wth at |east one
et her conpou éelected fromthe group consisting of an ether polyamne, a
pol yet her poﬂ%%#wﬁgﬁ a pol yether am no al cohol, a polyether am no thiol,
and a pol yether polyol; and 15(C)at | east one aronmatic am ne. Copolyner (i)
(a) The Monoethyl eni cally Unsaturated Mnocarboxylic Acid or Ester 20Ther eof
or Di car boxyl Tee istpyingdgryerpae wih tes depcittionast definetiéssueBent i nventi on
at | east one nonoet hyl enically unsaturated C3-C28 nonocarboxylic acid or
ester thereof, or C4-C28 dicarboxylic acid, anhydride or ester thereof is
used to preepafie tdme "©dPok Emeatdrefiatopidrymbisqbufend?r ef erably 25 the at | east
one nonoet hyl eni cally unsaturated 03-028 nonocarboxylic acid or ester

t hereof , or 04-028 dicarboxyiic acid, anhydride or ester thereof is a

di carboxyli c agé tbrmemg gl dearPinslakiof her 8BfisobutBRyiGeReHA adiRtRyba of the
preferred dicarboxylic acid, anhydride or ester thereof 1s asfollows: 5 O
CH-CH X wherein X and X are the sane or different, provided that at

al cohol 5. 1 or o TegobP SR 48 02 ok Bn SRSl S BREKEE G, Rt

salts wi t10 r easdpeve thebedsenoimvbaidrcahloh freashblyehdreb@bogsmpotendsarang
ot herwi se function as acylating 10 gents. Typically, X and/or Xis --OH
- - O hydr ocar bjierogi! I URRatuERipe Sarfras TBRROEGROXVAE 851 oF esieniBerof, or

ammoni um or am@lecgggﬁ(%é?ﬁexyﬁtu%% anh{irds %E%ﬁte%@fécﬁ%ﬁﬂcﬁ ﬂgﬁé hefho¥and X

can be -0-- so as to form’an anhygrl e. erably X and are such that
bot h car boxyl geupgnpiefeablycanciert goupsitandpyiabbun! geacti Oms pradibdred c

Skt X o CHE R R e T

15 general formula:

[N 1
| |

wherein n is one or greater; Ry, Ry, Ry and Ry are selected frdm hydrogen,
26 methyl and polyisobutyl having at teast about 30 carbon atoms (preferably at
least about 50 carbon atoms) wherein either R, and R, are hydrogen and one
of Rz and R4 is methyl and the other is polyisobutyl, or Rz and R, are
hydrogen and one of Ry and Ry is methyl and the other is polyisobutyl. The
_ polyPlBSA copolymer may be aliernating, block, or random,
25
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anhydri de; nononet hyl, dinethyl, nonochl oro, nonobrono, nonofl uoro,
dichloro and di fluoro nmal ei ¢ anhydri de: N phenyl mal ei m de and ot her
substituted nal ei m des, isonaleimdes; fumaric acid, maleic acid, alkyl
hydrogen mal eates and fumarates, ciial kyl fumarates and nal eates,

20f umaroni lic acids and nal eanic acids; and maleonitrile and fumaronitrile.
Sui t abl e nononers for, éa),are npnaet hyl eni cal | y unsaturated di carboxylic
acids or anhydhied8ENoPUF NG IBPC EFBSHOA BIRUPSE VNG &6 TPFBWRt he gr oup
conprising maleic acid, fumaric acid, itaconic acid, mesaconic acid,

25met hyl enemal oni ¢ acid, citraconic acid, maleic anhydride, itaconic
anhydri de, citraconic anhydride and net hyl enernal oni ¢ anhydri de and

m xtures of these with one anot her, anoppg ich mal eic anhydride is
preferred. Oher suitable nononers aresmonoet Ayl eni cal |y unsat urat ed

C3- @2snonocar boxylic acids sel ected fro&1the group conprising acrylic acid,
nmet hacrylic acid, dinethacrylic acidT—EEhyT lic acid, crotonic acid,
allylacetic acid and vinylacetic acid, anmong which acrylic and nethacrylic
acid are b5preferred. Another group of suitable nonomers is 01-040 al kyl
esters of nonoethyl enecially unsaturated C3-0-10 nono- or dicarboxylic
acids such as ethyl acrylate, butyl acrylate, 2-ethyl acrylate, decyl

acryl ate, docedytreacyWaat € ard ocepdedyitivasigitat éroanthetdreupsbasistinf of

i ndustrial alcohpl mxtures of 14 to.28 carpon atons,, et hyl nethacryl ate,
2- et hyl hexyl rfé@ﬁaé’reffl'é E?O\ﬁ%rc@‘fﬁfﬁg?é‘t%a@lgﬁﬁff’@f"eﬁ" "a eTI@_{/% HEHREET yi at e,
monobut yl - mal egitgydriglk dod. TReleat e.oneRRdear)” Baheaito iHigdadagyly sl gat e,
nonooct adecyl - mal eat e, and di oct adecyl nmleate. (b)The 1-Aefin or

Pol yol efin 15 § RAfRE 3¢BEent invention at | east one 1-ol efin conprising
about 2 to 40 carbon atons or at |east one polyolefin conprising about 4 to
360 carbon atons and having a term nal copol ynerizable group in the form of

vinyl, vinmidenetem aekpde ofipppirmetentogt afprd s teapleped. nizfh&uwit abl e
1l-olefins for preparing copolynmer (i) conprise about 2 to 40 carbon atons,
preferably 6 t%%@%%?%ﬁﬁ”%ﬁﬁ%& mstf]%ﬁ‘)g{@n%e@@%, dodecene, octadecene and
m xtures of C20-C24 -1-olefins and 024-028-1-olefins, nore preferably 10 to

20 carbon atons. Preferably 1-ol efins, which are also known 25as al pha
ol efins, with Fde e derppbimgit eiens to kepalpmge de0tUirGdthe fremadical e

preferred, wt I l.ar ights, in the range of 200-2,000 being nore
preferred. For&ﬁ%@%&ﬁgpﬁgggﬁgﬁﬁ%ongg‘f]%%ned fromthe thermal cracking of
paraffin wex. Generally, these olefins range fromb5 to 20 carbon atons in

| engt h. Anot her. source of alpha olefins is the ethyl ene growh process

f o -
whi ch 30gi ves é&l@fefRunbeielie arfsh o paneREnsageins olsbuthas Nes the doulbis i s by
the bond in the 1-position. They can also be called aipha-olefins, and have the
foflciwing structure:

20 CH, =CHR
whare R is the rest of the olefin molecule.

The term "1,1-disubstituied olefin” refers to a disubstituted olefin, aiso calied a

25  vinyiidene olefin, that has the foliowing structure:

CH» = CR' R?

- 11 -



di neri zation of al pha ol efins over an appropriate catal yst such as the well
known Ziegler catalyst. Internal olefins are easily obtained by the

i sonerization of al pha olefins over a suitable catalyst such as silica. -
18- Preferably, 1-olefins from 05-030 are used because these materials are
coommercially readily avail able, and because they offer a desirable bal ance

of the | engt h b r i : h g |1 t | ymer

i n nonpol ar Q%‘?\?e%lt%&%l %féju{rh%ssatg?é éi %;fflﬂ %ﬁt%@@%}@%ﬁ%é%ﬁ%&é%@&@ (gllé%ﬁi tabl e
pol yol ef i ns folecpiee Pasferaph athbyRenr RF }s ameethol grobefdnisthe atiperisinag about 4
to about 360 carbon atons. These pol yners have an average nol ecul ar wei ght
(M) of fromabout 56 to about 5000 g/nol. Exanples of these are oligoners
of ethylene, TR it |0BciniMEL UL ILRE FSORUIERR arBRAn8hdd Gprafiehedpiigoner s of
pentene, hexene, octene and of decene, the copol ynerizabl'e term nal group
of the ol% goide bt mpepasseneh are glke idoned of the Wasiion ola sytdidiene or

al kylvinylid I i l.i go ene n r of. to 200
car bon a oms NG R Bk 8 BERE TBE e S AR SRR AL e BF e e .
accordi ng t oafths 20220046 gatarasparndimgd 3bth&GniRpthenroiNact #2152, 499, are

preferred. M xtures_of the stat @d ol isgiorrers are, al so suitable, for exanple,
mi xtures of @%@3%%8&@ cpvher akyhtpsiiged sy ccinemsid euaihusrideygivan ef i ns

are descri bedrji Widn/Pat sy éﬂecmg?@té%af?é%jé%ﬁ} it ﬁunu%[)&jsnreifé]‘éﬁéé’Qrat ed by

reference. The nol ecul’ar wei ghts e oli1gomers nay be determned in a
convent i bhal andanewebyngeh iptheneatGotaic iuodmtegraphys oROicHmémides and

copol yneri zabl,e polyol.efin that is,reacted with the unsaturated Nno- or
i L car boxyl (RS PAAE e S4TGB REg e B Bon TP i Ul BF CanBane s 02. 08
nono- ol ef i n, Les gratept R eneg2 POOPY.LeRes 1bytapsens., 3iwomty keng @ewl pent ene.
These pol yners can be hono o% mers such as polyisobutylene as well as 25

h
copol ynmers of}: 0 2642n6Pd % ane AscKigshieast ¢bisblaerpesbyfincapaidtethe and
propyl ene, blﬁ%%@peenceand i sobutyl ene, etc. Qther copolyners include those
in which a mnor anount of the copolynmer nononers, e.g., 1 to 20 nole %is
a C4-08 nbnconjugated diolefin, e.g., a copolyner of isobutylene and

but adi ene or copol, r of .ethyl ene, propyl ene and 1, 4- hexadi ene, etc. 30
The pol yol ef iﬁ%@ﬁ?fﬂ%ﬁ‘wﬁ}%ﬁl'm@ecbﬁ?ﬁi tﬁstl:‘rerrﬁﬁ?%b?fpgﬁdtcg 231G % bon at ons,

al t hough pr efg%%p&ymgg_nl;@ DI FREDOIN 8k @FRinegand nmore preferably 12 to 175
car bon atons. i nce the high nol ecular weight ol efins used to prepare the

copol yners of the
The term "alkenyl or alkyisuccinic acid derivative” refers 1o a structure having

20  the formula;

wherein L and M are independently seiected from the group consisting of
25 --OH, --ClI, --O--, lower alkyi or taken together are --O-- to form an alkenyl or

alkylsuccinic anhydride group.

- 12 .



present invention are generally m xtures of individual nolecul es of

di fferent nol ecul ar weights, individual copolyner nolecules resulting wll
generally 5 contain a m xture of high nol ecul ar wei ght pol yal kyl groups of
varying nol ecul ar weight. Al so, m xtures of copol yner nol ecul es havi ng

di fferent degrees of polynerization will be produced. The copolynmers of the

present invesnti ! _ age: = _ Lzat:

G cater, pr of o ShT S AREERE A4° TR he SR BRI R ¢ o
about 1.5 towalbttielios aqd)pthe livne alrepomerts peingdhd folibwengviegiémierienvent i on
enpl oys at | east. one nonool efin conpound which is copol ynerizable with the
nononmer s of ?@S“Hﬁh (b) and is selected fromthe group consisting of: (1)
an al kyl vinyl ether and an allyl alkyl ether where the alkyl group is
20hydr oxyl, am no, dial kyl am no or al koxy substituted or is unsubstituted,
and containing 1 to 40 carbon atons; €2 an al kyl amine and an
N-al kyl am de of a nonoet hyl eni cally ungaturated nono- or dicarboxylic acid
of 3 to 10 carbon atons where the algkyl ~2bsubstituent contains 1 to 40
carbon at®ns; (3) an N-vinyl carboxan de of carboxylic acids of 1 to 8
carbon atons; (4) an N-vinyl substituted nitrogen-containing

heterocyclic conpound; and 30 (5) at |least one 1-olefin conprising about 2
to 40 car bon Va8 Fois aly! ce adbstiwed pdty of ettfigicobapaindengih aboive thet o about

360 carbon a - .ng..a term nal ) [ I I i form of
2 vyl vt poran dolsRHle b RalRE B AR P B
E)r;)\(/ib;jed t;]atattelmet Qﬂx[aftiar@ mbmymﬂn‘é,?rm&atﬂt&; mel | aﬁ@utta‘(eca)blemiaf%regm o?/ed in
i ; S Suj table noners include the ow ng: vinyl and ally

al kyl et ﬁérs%ﬁﬁ&és C}Yéergfﬁ‘k@{é?ﬁgﬁi‘tciaﬁoﬁ‘ i qafgan@@rea-r bon atons are al so
suitable, and the alkyl radical may carry further substituents, such as

hydr oxyl , am no, di al kyam no or al koxy. Exanples are nethyl vinyl ether,
et hyl vinyl efthegerm psaphike iviubyicagdeit” refers fo the ability of a material to dissoive

in aliphatic-and aromatic hydrocarbons such as lubricating oils or fuels in

essentially all proporiions.

15
The term “high molecular weight olefins” refers to olefins (inciuding
polymerized olefins having a residual unsaturation) of sufficient molecular
weight and chain length to lend solubility in lubricating oil fo their reaction
products. Typically olefins having about 30 carbons or more suffice.

20

The term “high molecular weight poiyalkyl” refers to polyalkyl groups of
sufficient molecular weight such that the products prepared having such
sufficient molecutar weight are soluble in lubricating ofl. Typicéi%y these high
molecular weight polyalkyl groups have at least about 30 carbon atoms,

25  preferably at least about 50 carbon atoms. These high molecular weight

polyaikyl groups may be derived from high molecular weight poiyolefins.

The term "aﬁino“ refers to -NRyR; wherein R; and R; are independently
hydrogen or a hydrocarbyl group.

30
The term "alkyl" refers to both straight- and branched-chain alkyl groups.

-13-



10i sobutyl vinyl ether, 2-ethyl hexyl vinyl ether, decylvinyl ether, dodecyl
vinyl ether, octadecyl vinyl ether, 2-(diethylyam no)ethyl vinyl ether,
2-(di -n-butyl am no)et hyl vinyl ether, and the corresponding ally' ethers.
(2) 15 Another group of nononers conprises Cl1-040 al kyl am nes and 01- 040
-N- al kyl am des of nonoethylenically unsaturated 03 -010 -nono- or
di carboxylic acids, such as dinethylam noethyl acrylate, diethylam noethyl
acryl ate, dibutylam noethyl nethacrylate, acrylam de, nethacryl am de,
20N-tert - but yﬁ"het@mam‘.eler alhbetfylsaoravagidims thhg 4 db bBbyl @esybaisies
N- dodecyl net hacﬁ% g_}cf de and N-oct gdecyl pet hacr Iam de. (3) 25 Anot her
group of m)no?rB PIRIEETY PO EDE g ieTihery i esmupsx aipigaldower alyiboxyl i ¢
acids of 1 to h t yhi

?glmu%@f%an%é%@ [yNé{?&yg hl&fégﬁmsgﬁo%t’ hytf %‘étram de,

N-vi nyl - N—rret ormam de, N-vinylace vinyl

N-vi nyl - N-2t h9$fab@Wbﬁ1b@é/5 eyl In-esybany ke bigg.onam de and

N-vi nyl propi onam de. 30 -21 - (4) Anot her group of nononers includes the
fol l ow ng: N-vinyl conpounds of nitrogen-containing heterocyles, such as

N-vinyl i m daz@he terdiNpalynityretehed itdriad ane) grodl Han Y gardraly &ié’rﬂ)%dafﬂﬁn

N-vi nyl caprol act am Suitable 1-olefins conprise about 2 to 40 carbon
atons, prefer 88\3’9@@”% &)hl@ @Q R%}FB%Tﬁ AtceRelymaere o arordeelsfies, roitahe,

oct adecene and_fhxd- wegv\% i aﬁe”ék@%‘f’t gmr;ll%’ 8 ,‘8%4 E%helmpl efins.

Preferably 1-olefins ha of e |ns S th nol ecul ar
wei ghts im0t hE’reTaraj@éj dfie ﬁ@nﬁaﬂem emptwbdrwnédx,avwztﬂa armjuegmloarbmtghtss in the
e o thor HRY ik e Rl PRS2 B0 RS S0 RERrT ! 1S OPtalned
mono-olefins include propylene, butylene, particularly isobutylene, 1-octene
and 1-decene. Preferred, polyolefins prepared from such mono-olefins include

polypropylene, polybutene, especially polyisobutene.

15
The Lubricating OQil. Additive Composition
One embodiment of the present invention is an oil-scluble lubricating oil
additive composition prepared by the process which comprises reacting
20
(A}  atleast one of the following copolymers:
{H a copolymer obtained by free radical copolymerization of
camponents comprising:
25
(@)  atleast one monoethylenically unsaturated Cs-Cog
monocarboxylic acid or ester thereof, or C+Cog
dicarboxylic acid, anhydride or ester thereof:
- 30 (b)  atleast one 1-olefin comprising about 2 to 40 carbon

atoms or at ieast one polyolefin comprising about 4 to

360 carbon atoms and having a terminal copolymerizable

- 14 -



15paraffin wax may be enployed. Cenerally, these olefins range from5 to 20
carbon atons in length. Another source of al pha olefins is the ethyl ene
growt h process which gives even nunber carbon ol efins. Another source of
olefins is by the dimerization of alpha olefins over an appropriate

catal yst such as the well known Ziegler catalyst. Internal olefins are
easily obtained by the 20i sonerization of alpha olefins over a suitable
catal yst such as silica. Pr e@@}labﬁ’yﬁ,e {E)-”ES’I %ﬁ?ei‘ W§?’]f Vioidgne etk renyisae
because these materials are gouRRGhidlr¥s eadht wn@vail abl e, and because
they offer a desirable balance of the Iength of the nolecular tail, and the
solubility of the terpolyner in nonpolar solvents. Mxtures of olefins are
al so suitable. 25 Prepayatio o} 1) I : actant (i) may
be prepared from wel | k&%wn' %te[fg%%t S mﬁéﬁﬁgfﬁlé ngﬁ%(r&inéer@{'?ti%t he art

i ncl udi ng, Sbut not linited toopdifrosezatethottsthelhetorase FQadhscimsedidn the
follow ng patents, which are ger ei R i n?or porated by reference: Harrison et
al., US Patent No. 5,792, 799°Ce{itamRiN@Erayp congisgngpht ent No. 6, 284, 716;
and GOnther et al., U S. Patent No. 6,512,055. - 22 - I n one enbodi ment
of the present invention the copolynmer reactant is a polyal kenyl succinic
anhydri de terpol yner. These t'er poty mikysviayketbonposed allfl alky!letastwiome of

nononers (a) to (c) as described rein. olypical ly, the terpolynmers of
this invention contain at |east o{rg:% aﬁ%ﬂlﬁﬁab'rylrésrgy‘(ré’)y;t%mﬂ?) %faﬂ‘rﬁ "E8itponent s
conprisingOof a nonocarboxylic acilony sest@niciheneahsutitacdi sar boxl ylic
acid or anhydride or ester-thereof; a branched olefin; and a nonoolefin. In

general, these conponents react te°H8ivRg dripdlyaehan alersh can be random
terpolynmers or alternating terpolynmers or 10bl ock terpolyners and can be
prepared by known procedures for making copol ymers. The nonocarboyxlic acid
or ester thereof or dicarbox{d)i c asiatkybrnandydd izdeN-atkyeshide of her eof is

sel ected fromthose which were previ i r ef erablry mal ei ¢

ouﬂ% di SF| osed,
anhydride. 15 The degree of pol ynBRM2&IYRER IV Hisat W58 PREPC'can vary over
a w de range. In general, terpolydRaf®yIiBigly &0 @CH) 8drpWRIMhths GRHErDE

produced at | ow _
the alkyl substituent contains 1 to 40 carbon

-atoms;

(3)  an N-vinyicarboxamide of carboxylic acids of 1 to
20 8 carbon atoms;

(4)  an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

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

in (i)(b);

-45.



tenperatures, and terpoiynmers of |ow nol ecul ar wei ght can be produced at

hi gh tenperatures. 20The terpol ynerization is conducted in the presence of
a suitable free radical initiator. Exanples of suitable polynerization
initiators are peroxide conmpounds, such as terybutyl perpivalate, terybutyl
per neocecanoat e, tery-butyl perethyl hexanoate, tertbutyiperisobutyrate,

di-tert-butyl perqxide, di-tert | peroxide, diacetyl.  peroxydicaronate
and di cycl ohexyl d%ar oh&eRe! }"’Q%P&é%d g8 Coglﬁ)@H“éé‘ (%? ad

- azobi si sobut yrontril egonfh&uddit gt Meﬁ@e upeeeal-aMmeadnitiagra mxture
with one another. Redox co-initiators may al so be present. Preferably, the

initiator is a peroxide type initiator, e.g., di(t-butyl) peroxide, di curryl

d t t
per Xt de o1 520 Ule | Abkai e ofihes bITRERIIL LD Eob A A 2L 0T
30described in U S. Patomplamd @)(bHE, (41)6@ iardndn-240 r&ii6al daexiehy !ema@emrpor at ed

by reference in their entire oce res coul d be used to prepare
terpol ymers. Both pat elitt Eeéf%‘%rﬁéég gliroét%?p?}’fjmieﬁ"t%ioé%@ ST %opol ymer
(i), wherein a second g %Bh&chﬁg%ﬂﬁbi?bf@ (r rbrtcesorp%rsrrr ,bo%awstheh@repar ed
in the sane manner as copol ymer™ (il) is describ e bel ow. oI ymer

(ii) 5 In another enbodpmére reﬁ!Cﬁh@t@INeeémeacﬁweqr@dtm of chapeopd (i

reactant is a copol yner i .a) at |east one

nonoet hyl eni cal | y unsaia[ﬁaa t’@ﬁ % ﬁgm{l&g%gkyl ic acid or ester thereof,
or a a4-@a8 dicarboxylic acid, anhydride or ester thereof and (b) at Ieast

one 10 copolynerrzable pol ymer conposed of at |least 3 olefin nol ecul es of
propene or of(Ba b@ér&aﬁbunqe%reéppmpeﬂnq sedected Barmba wpenEonHENI & nunber

aver age nol ecul ar W?érg;{& :Mﬂn@f F @gﬁ%p?}bﬁyrﬁ]@ﬁ tg)pgﬁgwe %Q)QQ goh%vr ng a

term nal copol yneriza group a vi vrny ne or al kyl

vi nyl i dene group|mdem&wameseMmelahdaa¢m@eﬂma@o@aiandrtrator 15 Thus,
preferred copolymers of the present invention are prepared by reacting a
“reactive” high nolecular weight olefin in which a high proportion of

unsat ur at4=on, (At | asdst aROUEoROHe E&sidd) the al kyl vinyl i dene configuration,
e.g., 20

Copolymer {i)

(a)  The Monoethylenically Unsaturated Monocarboxylic Acid or Ester

20 Thereof or Dicarboxylic Acid, Anhydride or &ster Thereot

In the present invention, at least one monoethylenically unsaturated C3-Cog
monocarboxylic acid or ester thereof, or Cs-Cyg dicarboxyiic acid, anhydride or
ester thereof is used to prepare the copoiymers of copotymer (i). Preferably
25  the atleast one monoethylenically unsaturated C.-Cog monocarboxylic acid or
ester thereof, or C4-Cyg dicarboxylic acid, anhydride or ester thereof is a

dicarboxylic acid, anhydride or ester thereof.

-1 -



wherein Rand IR is an alkyl or substituted alkyl of sufficient chain

| ength to give the resulting nolecule stability in lubricating oils and
fuels, thus R generally has at |east about 30 carbon atons, preferably at
| east about 25 50 carbon atonms and R, is a | ower al kyl of about 1 to about
6 carbon atonms, with an unsaturated acidic reactant in the presence of a

free radi cal nitiat oduc has alternatin ol yal kyl ene
and succinic ?cﬂ?ﬁ@rajrﬁ‘?i'”ﬂﬂ§ Ogh’ \tﬂéif@p‘g‘ééﬁbé’éyi@fa‘ﬁ%l SRR Sg €6f 1 or
greater. Thenpesferdkedisepol yners (ii) of the present invention have the
general formula: 5 wherein W and Z' are independently selected fromthe
group consisting of --OH, -0-- |ower alkyl or taken together are -0-- to
forma succinic anhydride group, n is one or greater; and Rl, R2, R3 and R4
are selected from hydrogen, d ower alkyl of 1 to 6 carpgon atomnms, and high
nmol ecul ar wei ght pol yal kyl 10xwherein either R1 and are hydrogen and one
of R3 and R4 is lower al kyl andthe other is high | ecul ar wei ght

pol yal kyl, or R3 and R4 are hydr egen- amd=exel of-RL and R2 is |ower alkyl
and the other is high nol ecul ar“"wei ght pol yal kyl . "15Copol yner (ii) may be
alternating, block, or rando In a preferred enbod\mant when nal ei c
anhydride is used as the reattant, the reaction produées copol yners

predom nately of the follow ng formula: 20 wherein nis about 1 to about
100, preférably about 2 to about 20 rmre preferably 2 to 10, and R, R2,

o B SYRPSRCK B NSRSl Bt g oo o

hydr ogen and amieX'ofs d?groas@cthaﬁtslcapboiw r@h&styig toTestdtly blwhoksh®irm amiegh
nol ecul ar wei ght polyal kyl or R3 and R4 are hydro?en and one of Rl and R2
is |ower al ky@f%GE@HES&iﬁh&mv@nﬁ.%%ﬁéc@rrﬁm% gfEs W (amckiys metals

Preferably, t Ef 'rﬁét el g rR?% t about
1030 carbon a@?ﬁ%ﬂ%&g%er aél a egé% a %ﬁ# 5%&“@3%‘(@%&%@06% 23&?%&% erred
hi gh nol edul aagams. @’pr%qaﬁyyélalnworgﬁ’ ot pOtineOwde rpadrpyls Obiit whe@r&dﬁrps
Preferred poI i sobu i ude .t hose havi ng avera nol
wei ghts of ab@@fe‘?@@gsy‘?%eggﬂ%' @Eeggagoa Meite W%‘H@t’fgf@’%ﬁgﬁ%ufﬁggﬂa@o about
250? Pr Sf Ier regr, |afh\dﬁék@{ ofetiHrounsd KneGhndes nMethyd agidicgh anifepgel al |y
referred | ower a

P Preferab?g/ X and X' are such that both carboxylic functions can enter into

acylation reactions. Maleic anhydride is a preferred reactant. Other suitable

15 reactants include electron-deficient olefins such as monophenyl maleic

anhydride; monomethyl, dimethyl, monachloro, monobromo, monofluoro,

dichloro and diffuoro maleic anhydride: N-phenyimaieimide and other

substituted maleimides, isomaleimides; fumaric acid, maleic acid, alkyl

hydrogen maleates and fumarates, dialkyl fumarates and maleates,

20 fumaronilic acids and maleanic acids; and maleonitriie and fumaronitrile.

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

25  methylenemalonic acid, citraconic acid, maleic anhydride, ifaconic anhydride,
citraconic anhydride and methylenemalonic antydride and mixtures of these

with one another, among which maieic anhydride is preferred.

17 -



15groups include nmethyl. A particularly preferred class of olefin polyners
conpri ses the pol ybutenes, which are prepared by pol ynerization of

i sobut ene. These pol ybutenes are readily avail able conmercial naterials
wel |l known to those skilled in the art. 20Di scl osures thereof will be
found, for exanple, in U S Patent Nos. 4,152,499 and 4, 605,808, which are

herein incor at ed reference for their disclosures of. suitable
pol ybut enes. Q%E‘@f %Lf’?g)ly%/anT?T?Eﬁ %’@H@PW%}F‘@@”&‘B@Y UAsa Hf%eggéb&iﬁ“o provi de a
hi gh ol ecul atoRBeRbalic aBih ssitbidl Rorhahk oyl BembASABLYARE ocl ef or abl y the

1, 1-di substituted ol efin has an ayiggge Mi of from 500 to 5000. One
parti cul ar | y rogiepeinylia agiddfisigizaqrylis aedc oriéieaniis agich ciotenis @oish Bt iaeaiic

pol yi sobut yl -nethyl vi i i ne.. . ef erably
t he copolyne%ﬁgﬁgﬁgggggéﬁgggégﬁ%¥§@%ghh ?Sﬁﬁééb§§%#@%&§£%%ﬂ$%§%|ya|ky|
group whi éh imefderidy Adofheogrcaphif ghitamlkenohamemell ghtC gladtyl BsteFhef hi gh

nol ecul ar weight olefins used in the preparation of the copol rs of the
bresent 1 nvertPerarENSRab RA I G- ong<ERa PR CamGEHISGEEhAFCH Fie
resulting - 28nhyl aceBROSIE 86tyiate, SOARDI &W%t&%c?%ﬂ?ﬁ’été?'o%c@ﬁ;ﬂ%cFQl.sﬂ@,r al
oils, fuels and the like; "and the al kyl vi nyl i dené isoner of the high

mol ecul ar weilgtiedetyiacryiaiempeiteessiars peiasiustilsbalcopdwmipturenef idtal ol ef i n

ol boul es. having PR PR R ot sanpdF0E: 2Rt EMak R RR0ER Mast one

branch pemn 6 mairheniftoosaadangeierghal, momii@makbytcatidueastaiene, branch
per 4 carbon atons al on%; the chain, and particularly preferred that there
be about one BPAASHFYHERICER AHiBRsIFCAl BRICAHP JMGNOPRIaERE Aalqafes® br anched

chai n ol ef i nsgd0nmy giiently conprise polyal kenes prepared by the
pol yneri zat i onE g@ofﬁ?ﬁs gf from3 to 6 carbon atons, and preferably from

olefins of from3 to 4 carbon atons, and nore preferably from propyl ene or

i sobutyl ene. The ditionzpol yneri zabl e ol efins enpl oyed are normal |y
1-ol efins. Th >br2ﬂ¥%%ﬁ§§ﬁ@8r%@ygpﬁﬁ1l to 4 carbon atons, more usually of

from1l toj2 carbon atons 15and preferably nethyl. The preferred
al kyl vinyli dene isoner conprises a nethyl- or ethylvinylidene isoner, nore
preferably t hig thetrgsantiyentienat ieashene 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 vinyl, vinylidene or
alkyl vinylidene group is employed.
20 '
Suitable 1-olefins for preparing copolymer (i) comprise about 2 to 40 carbon
atorns, preferably 6 to 30 carbon atoms, such as decene, dodecene,
octadecene and mixtures of Cyp-Cos -1-0lefing and Coy-Cog-1-0lefins, more
preferably 10 to 2G carbon atoms. Preferably 1-oiefins, which are also known
25  as alpha olefins, with molecular weights in the range 100-4,500 or more are
preferred, with molecular welights in the range of 200-2,000 being more
preferred. F'or example, alpha olefins obtained from the thermal cracking of
paraffin wax. Generally, these olefins range from 5 to 20 carbon atoms in
tength. Another source of aipha olefins is the ethylene growth process which
30 gives even number carbon olefins. Another source of olefins is by the
dimerization of alpha clefins over an appropriate catalyst such as the well
Known Ziegier catalyst. Internal olefins are easily obtained by the
isomerization of alpha olefins over a suitable catalyst such as silica.
-18 -



20 The especially preferred high nol ecul ar weight olefins used to prepare
the copol yners of the present invention are polyi sobutenes which conprise
at | east about 20% of the nore reactive nethylvinylidene isoner, preferably
at | east 50% and nore preferably at |east 70% Suitabl e polyisobutenes

i ncl ude those prepared using BF3 catalysis The preparation of such

ol yi sobut en In 25 i ch | vin dene i soner co i ses a high
Dot vent g6 o EiRteiig: PGB HaG Cron P diad Feite TG A PRHE Nos,
4,152,499 andohfORiB08cadiieRaiaiié O PhetARR! BB bkl § d88rdbte Raledeabove,

copol ymer (||% of the present invention is prepared by reacting an olefin
and an unsat uratengiaefl dieaneleadenisil, ard itesprblivmd dhoterpolymee i aeiraar

initiator. T 0 l'ymer (ii) is described
in Harrison, r%%n?%g\tﬁfgtﬁgéi\%m?wfqggg%# \A%%%W?%gher ei n incorporated by
referencedin its ent| rety The reaction may be conduct ed at a tenperature
of about -30C to 1P r ef er abl fro abou IC to about 160C. The
degree of pol%/#@q gt V‘B‘ﬁf‘“ Oirﬁ(%}’aé‘é‘lgf #1t i c?r‘i%lpo y@i iBRTer R Y

Accordingly, étﬁfuthh@a%b@f%‘d@ﬁb@h%rﬁ@'?ﬁé‘ée%oi%é&ma\%%%\\’é@{;@ it is
advant ageous to ower reaction tenperatures. For exanple, if the

reaction is d@ﬁmggeweﬂhté%dmf fmegeboanSa e abes 508G dmobExpoinereei zat i on of

about 1.3 was, L r action condu ed at a

tenperature opgg%% %]8%8}eskp§ﬁéfe§§eogg‘d{%é % iy &%}ﬁ%ﬁiﬁ%%l% f about 10.5
was obt aitied. brancA&eisbeacs bigpeniaye bexenaducikad aneat detdrad, the, both the high
nol ecul ar wei ght olefin, acidic reactant and the free radi cal | ni t| ator are

conmbi ned in tw%yra%@e blasieaning! cmang afrian cligpmeeaeias present énthe form of a

t enper at ur e. e I uent. For
exanple, the re [CE/@ ]Edséh%a%/f %W rl%@ﬁé ?%Hg%ggﬁ:yégﬁgé’%hﬁgg g%h%ent S

i ncl ude t hosemiriunssiafi® tbfi@()roednizmtbmsamdd frr prticadi ciajozsjdtniutér&tsoasare sol ubl e

and i ncl ude aceton Otetrah drof r neth Ien chl ori de,
di chl or oet han82&{TR l?eﬁ %@Enggge& é@ﬁ &HE@ %e li ke.
After theiseagts qmattaﬁt N@rﬂoh@z £99 va}bqotreﬂeer&pwnﬁn%tcﬁtﬁ@xta@@d shddrapacrof f .
When a diluent is enp preferably inert to the reactants and

T uat s | or melBomaTls. eruampley Tduths & iiehoant dusidsheneite Chear e
o1 1l ent M X, Z5chaicHHE Y SRAERLY 99195 PALIPLBSR0sh IR ghresul s are

obtai ned by u as da solven e reaction In
general, t he hemrh yoerpazatet by renede. iThid matsedidbweiuhts bf e asl@rbmmb may
initiator. Cr |n|t|(g\tors are wel |  known |nthe art. However, ge choi ce
of free radl c P OSiRTIRRON SeRnveBtion INienedPbye! PRETPRIRI FURMEMIEPRY ur e
enpl oyed. oo The preferred free radical initiators are the peroxide-type
polyneri zation initiators and the azo-type polynerization initiators.

Radi ati on can fakswpbymssigdble @oiyomidfiiraihat tsheeactaicvitioine urfsatlestademhono- or

di- carboxylic reactant are polymers comprising a major amount of C,-Cg
mono-olefin, e.g., ethylene, propylene, butylene, isobutylene and pentene.
These polymers can be homopolymers such as polyisobutylene as well as
25 copolymers of 2 or more such olefins such as copolymers 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-Cg nonconjugated diolefin, e.g., a copolymer of isobutylene and butadiene
or a copolymer of ethylene, propylene and 1,4-hexadiene, etc.
30
The polyolefin polymer usually contains from about 4 to 380 carbon atoms,
although preferably 8 to 200 carbon atoms; and more preferably 12 {o
175 carbon atoms. '
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5The peroxi de-type free-radical initiator can be organic or inorganic, the
organi ¢ having the general formula: R3 OOR 3 where R3 is any organic
radical and R 3 is selected fromthe group consisting of hydrogen and any
organic radical. Both R3 and R 3 can be organic radicals, preferably

hydr ocar bon, aroyl, and acyl radicals, carrying, if desired, substituents
such as hal ogens, 10etc. Preferred peroxides include di-tert-butyl

per oxi de, dicunyl peroxi-de, and di-tert-amnyl peroxide. Exanples of other

sui t abl e per axi i j |ty i r oxi de;
| aur oyl per og?ﬂégﬁﬁ%th@rﬁ? Eaérc P iégs\&é{%toﬁfﬁgedréc?gi tgggepéfgg@@g@ﬁﬂé% fetﬁgoyl
per oxi ge; teptdslan%ingem@dn amgma'immix@freewmm%aimqﬂecmgé d'égiiﬁd'faget y:

eroxi de; acet roperoxi de; di et eroxycarbonate; tertiar ut
Ber benzoat e; %éc%ﬁ%m‘g%ew?'gﬁtéf '”ﬁ\’é&éag(???@ég%éM%ﬁﬁﬁ%fesf’bﬁgfmggeﬁﬁraﬁifpha?/al phat
- azobi si sebutyfiam 4 HiikiGre of ﬁgg(}ncﬂé@ﬂar\/@éifghkﬂ@l‘ﬁ@lkf/ir&@u;ﬁaﬂgf ¢aingr onot i ng

materi al s. These azo conpounds can be defined as those having present in
t he nol ecul e WHeHR- WG fihes eninturpreohennphiaaer mpecdlgsinavinadlifigrest gani c

radi cal s, at rdhgﬁei%isaiﬁ%lﬂer%ign m;”?a@rp%(ﬁ{(%ggy attached to a tertiary

carbon. O he I"e “azo conpounds "I nc , but are not limted to,
p- br onobenzenedi azoni um f | uor oborate; 25 p-tolyl di azoam nobenzene;

p- br onobenzenedi azopi urn hydroxi de;  azqmet hane and phenyl di azoni um hal i des.
A sui tabl e |i1SF GRONTET PhEICBREEUHBEERT TS BRI PHC CPGeeRtt ent No,

2,551, 8130 | spHatkri¥ayos of 1 hréfePakiaRATIK RS atQTRer RIRAE 0Bf ghdi tiator to

enpl oy, exclusi've of radiatidn, of course, depends to a |large extent on the
particul ar i mieregrreierainfen abqd hi ghaboltedul ar ol efin used and the
reaction conditions. The initiator must, of course, be soluble in the
reacti on nmedium The usual concentrations of initiator are between - 29 -
0.001:1 and (cp: 1 Thel\sn®bidiini Carapeindger nol e of acidic reactant, with
preferred anmounts between 0.005:1 and 0.10:1. The pol ynerization
tenperature nmust be sufficiently high to break down the Sinitiator to
produce t've dd¥ipregetiriewition erapleys Foeaskampmenocalsiingopmersd whiet xi de as

o0, pref or oy HEGEAGELE HRERERYSRER) B8 CRMPENRAY lfmen oo

t enper at ur es graup benesipicoyfed, a suitabl e broad range of tenperatures being
bet ween about 20C and about 200C, with preferred tenperatures 10 between
about 50C and about 150C.

(1) an alky! vinyl ether and an aliyl alkyi ether where the alkyl group is
20 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 |

25 substituent contains 1 to 40 carbon atomns;
(3)  an N-vinylcarboxamide of carboxyiic acids of 1 to 8 carbon atoms;

(4)  an N-vinyi substifuied nitrogen-containing heterocyclic compound; and
30
{(b)  atieast one 1-olefin comprising about 2 to 40 carbon atoms or at least
one potyolefin comprising about 4 1o about 360 carbon atoms and

having a terminal copolymerizable group in the form of a vinyl,

- 20 -



The reaction pressure should be sufficient to maintain the solvent in the

| i qui d phase. Pressures can therefore vary between about atnospheric and
100 psig or higher, but the preferred pressure is atnospheric. 15 The
reaction time is usually sufficient to result in the substantially conplete
conversion of the acidic reactant and high nol ecul ar weight olefin to

copol yner. The reactj. on tinq i s. suitable between one and 24 hours, with
preferred reacti off™f YA RAINYSenRIarryPuriured tharepb peyidasbis! t he
subj ect reaction kg @eBOEHIISRAGY | QLR I ' : j -~ Tha-hi gh

nol ecul ar wei ght ol efin, g%? iC rggg?gnt, sg%?&%?@gﬁgg@ﬂ??ggpépﬁgén be
brought together in any suitable manner. The inportant factors are intimte
contact of the,high nolecular weight olefin and acidic reactant in 25the
presence of a }ree-radical produci ng material. The reaction, for exanple,
can be corducted in a batch system where the high nol ecul ar wei ght olefin

is added all injtially to a mxture_of acidic reactant, initiator and
sol vent or t@*ﬁ%&mﬁ%@'@em ‘&P'“agit%fou_@”éﬁg:H*Wéﬁ”%@“é‘cﬁi@d %thﬁrémhee”@m@t! y or
continuously iR tdhecd 826t Oto 4RLhBIRNAbNE! e AAdesdi ‘Fé,aarﬁh.schér%)kypngaﬁ I ned

in other orders; for 30exanple, acidic reactant and i'nitiator e added
t o hi gh nol ecokacaiiefuiier stiestitvents, suvh aeaetroxy!, dmirandidiearmancer, t he
conmponents in e ke i i xt.ure.can.be ded continuously. t stirred
eactor i th S Foaueerarpvir i B SRVErmERhsr dauh rs aTebcover y
train or 10 otbigutyineacbines, 2-athylytvingedthes debfvingt cBRiRRECHBMEr , the
reacti on nmay be car[ied out in a batch Proqess, wherei n the high nol ecul ar
wei ght ol ef i neN8r. gadEacy viny gihey. H-(digthe! veaxee)ethy! ainy! elien t he acidic
reactant and IRt d-at: ; r I | eaction can
al so suitablyipggtﬁgpgggﬁﬁﬁ 3@3@?ﬁ§ﬂ§%éﬁgggé€§p8§§%?%hgﬁgwgﬁggﬁbonents are
added at one or nore points along the coil. Copolyner (iii) In one

enbodi ment, cgpolymer reactant (iii) is obtained by a copol ynmer 10obtai ned
by (a) reactiﬁg conmpound (i)(a) with conpound (i)(b) or (O(c) in a non-free
radi cal cegal yzed reaction in the presence of copolynmer (i) or copol yner
(ii) or both; or by (b) contacting copolyner (i) or copolyner (ii) or both
with the non-frelgef agupall neaoars s sampsiaes iCorCpraddiemiogs sotdbatind (0(a) and

conmpound (0( b)N-Oaﬂkﬁepr(}ﬁ)es o%?rmnoethylenica{ly unsaturated Cj ~Cqg -mono- or
dicarboxyiic acids, such as dimethylaminoethyl acrylate, diethviaminoethyi
acrylate, dibutylaminoethyl methacrylate, acrylamide, methacrytamide,
20 N-tert-butylacrylamide, N-octylacrylamide, N,N' -dibutylacrylamide,

N-dodecylmethacrylamide and N-octadecylmethacrylamide.
3}

25 Another group of monomers includes the following: N-vinylcarboxamides of
carboxylic acids of 1 to 8 carbon atoms, such as N-vinylformamide,
N*vinyl-N-methyEformamide, N-vinylacetamide, N-vinyl-N-methylacetramide,
N-vinyl-N-ethylacetamide, N-vinyl-N-methylpropionamide and
N-vinylpropionamide.

30
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Preparation of Copolymer (iii) A process for the preparation of copol yner
(H) is described, for exanple, in Harrison, et al., U 'S. Patent No.

6, 451, 920, which is herein incorporated by 20reference in its entirety. In
process step (a) above, any unreacted olefin, generally the nore hindered
olefins, i.e., the beta-vinylidene, that do not react readily with the
nDnoetherni%g | y unsaturated C3-C28 nonocarboxylic acid or ester thereof,
or 25C4- C28di‘car boxylic acid or an anhydride or ester thereof, under free
radi cal conditions, are reacted wi th nonoet hyl enically unsaturated 03-028
nmonocar boxylic acid or ester thereof, or 04-028 dicarboxylic acid or an
anhydri de or Assitler araep sbhonomess inchatasethe dolfmtving:dwsinyil cempoands ehmper at ur es
of about 180C. - i tion imlar _to those used for 30
prepari ng thg?ﬁ%Fgggﬁﬁgggagﬁﬁéﬁeg%%t?%%5 §§$%Pﬁk@%?é§gtion takes place in

t he preselce M¥irgirstéthaingidazsid, NsueyipasolkidricasicNaghdcarpeaici-pn. exanpl e U. S.
Patent No. 6,156,850. Optionally, a solvent nay be used to dissolve the
reactants. The reaction solvent nust be one which dissolves both the acidic
reactant and e high nol ecular weight olefin. It is necessary to dissolve
the acidic reactant and hi gh nol ecul ar weight olefin so as to bring them
into intimate contact in the 5solution polynerization reaction. It has been

found that t solvent -nmust al so be one in which the resultant copolyners
oo ot o e PRle bR AR Re P TP LR R AT STy X

hydr ocar bians Itaviragn biam, Gutl adtehBolo aéirE, ckeliensss RaMimaufdom 3 to 5
carbon atons; and 10l ipeg_ui d saturated aliphatic di hal ogenated hydrocarbons

havi ng from 1C1t~8 -t5t96A 286 Sre-Grer iR e Peefefatds &raing, e aretatso3 car bon

atoms per nolgeul o ot itk O v e d ndhtions of
pol yneri zati on. Irﬁast éhaiOLéglﬁgggﬁhat%neﬂgﬁﬁ)}%rr @?%%W?ﬂgﬁ Eb%g)f ggg)g%ts) a'ézr?e
pref erabl y onpratireskentihcarlbornaatveights BytHshahggen™ 128l 2@eaitg FRor<dl and Br.

The anmount of sol ve 15nust, be, such that it c di ssolve the acidic
reactant and WE&{F%{FQE%%PD[\%?B’E‘F Cg?TéfTei ﬂb'ﬁaﬁegg’gqmit%%ed eref 8a1f i ng
copol ynerg; T;B@aml\Méaemh@tblecerﬁéao?@a.}/@@hestagy,hﬂhglgemfﬁ%%bﬁ@e wehghic ol efin is

suitably between 1:1 and 100:1 and is preferably between 1.5:1 and 4:1. 20
Sui t abl e sol véhtarboRdiede in lkegkerrarndkermurag of alphe dlefnsas e stbpieacons and

the saturated_di.chl orin A s .havi froml to nor e
preferably | t%'%gﬁitp gci eé%@&&%%%%%@ﬁg?b&r C@Hﬁna%?g%%cﬁ‘n éﬁ%rssquﬁctﬁ ?fde, but
are not |imteldfibois b thkelirnadsstiosusitaigisa ofsfipt @ve; amtpEydéﬁtahwb&Qty@nﬁ;ch
di et hyl ket one; %)nd nFthB/l iz,obi.ltyl ket one; 2. aromatic hydrocarbons, such as:
benzene; xyl efe! SR KW iegler'cataiyst. internal olefins are easily obtained by the
20  isomerization of alpha olefins over a suitable catalyst such as silica.
Preferably, 1-olefins from Cqg-Ca are used because these materials are
commercially readily availabie, and because they offer a desirabie balance of
the length of the molecular tail, and the solubility of the terpciymer in nonpolar
solvents. Mixtures of olefins are aiso suitable.
25

Preparation of Copolymer (i}

Copolymer reactant (i) may be prepared from well known methods which are
described in the art including, but not fimited to, those methods which are
30 disclosed in the following patents, which are herein incorporated by reference:
Harrison et al.,, U.S. Patent No. 5,792,729: Ginther et al., U.S. Patent
 No. 6,284,716; and GUnther et al., U.S. Patent No. 6,512,055.
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saturated di hal ogenat ed hydrocarbons, such as: dichl oronet hane;

di br ononmet hane; 1-brono-2-chl oroet hane; 1, 1-di bronoet hane,;

1, 1-di chl or oet hane; 1, 2-di chl or oet hane; 1, 3-di bronopropane; - 32 -

1, 2- di bronopr opane; 1, 2-di br onp- 2- et hyl propane; 1, 2-di chl or opr opane;

1, 1-di chl oropropane; 1, 3-dichl oropropane; 1-brono-2-chl oropropane,

1, 2-di chl or ohyt ane; - di ; -di chl or opent ane;. or 5

m xt ures of BﬂéﬁEB%U%?éE%%E5@§BQﬁ%%%ﬁﬁ%ﬁ%ﬂﬁ?ﬁ@?ﬁ@?@%&SHEF“*Wé* gpolyner is

conveni ent | ?/ ;xéy;ﬁk?tyéduwmmﬁs‘bwmr? teapnolyary. Wsﬁatetpﬁfyrﬁ@ﬂsc&r@ddoeﬁﬁ:fslé@t by
conventi ona rocedyres such as se separation, solvent 10distillation,
precipitati on&aﬁgeaf gnpioigﬁ_onpmeagé@ t@o(,%) a7 Sperieig eagent s and/ or

co-solvents nay be used during the reaction. The polyi sobutenyl succinic
anhydride (PIBSA), which may be directly added to copol ynmer reactant (i) or
(ii), is §enebwti¢gllypihedarmd/mssaf dbisthareioni®niah bt leasthwneoboessasrs

i ncluding the I, I%E ithin. .Faor .exanple, there is a well-known
t hermal pr oce(sag%é g@gh'%é%§ ‘ég{’g’ %}bgﬁ?'ﬁﬁl&f%@%?aw& ﬁﬁ’de?fu%ﬁ Fly

wel | - known chtheréafadi @dicpriesBss atees, ath\@irideUr Sstdratiaabf, aNerandnhdd 2, 892), a
conbi nati on of the thernal Fl d chl orination processes (see, e.g., US.

Patent No. 3, 9BN7M) 2 mapey E‘;?/‘f‘i [ $3190Ag tRSarprEste b e 6. g., U. S

Pat ent Nos. 3 & 156, Pt er: 188 e,
P el R o S RS R A e SN

one-t o- orild nobloak terpolaodut esd ¢8rde wepgaredbBkndRat prcetoss 8; 2EHrg66 and

3,381,022), as || as-high succini¢c ratjo products, adducts havi| '
al kenyl - deri v& VO\?UB@E%‘ 'LTHS%E%”O&&&Q%?(@% a\ﬂdtw egstterfjtgage[of QB%.CS“WE? ﬁF‘g%ér oups
per al kenyl - dgniyxRdesitkstdrtiteBbf SR8 cted Irom WoBe VAP d\Bravib 2BA, 435) .

Pol yal kyl ene succi ni c anhydri des al so can be produced thermally al so from

hi gh met hyl vi figFicaeperBEIrgbunmaicasiigdeosed in U S. Patent No. 4,152, 499.
30This 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 wher® t he¢hsuegras of patmeriiaiogrE e terpbmets 3an Ranopean Woel daegé.i ons EP
0 602 863 and, EP O 5§Z 381, and_ U. FS1 Pat elnt No. 5,523,417 disclose a
ingeneral, terpolymers of mgh molecular weight can be'produced at jow
temperatures, and terpolymers of low molecular weight can be produced at

high temperatures.

20 The terpolymerization is conducted in the presence of a suitable free radical
initiater. Examples of suitable polymerization initiators are peroxide
compounds, such as terybutyi perpivalate, terybutyl perneocecancate,
tery-butylperethythexanoate, tertbutylperisobutyrate, di-tert-butyl peroxide,
di-tert-amyl peroxide, diacetyl peroxydicaronate and dicyclohexyidicaronate,

25 orazo compounds, such as 2,2 -azobisisobutyrontrile. The intiators may be
used alone or as a mixture with one another. Redox co-initiators may alsc be
present. Preferably, the initiator is a peroxide type ihitiator, e.g., di{t-butyl)
peroxide, dicumyl peroxide or azo type initiator, e.g., isobutyinitrile type
initiators. Procedures for preparing poly 1-olefin copoiymers are, for example,

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

terpolymers. Both patents also describe a variety of initiators.
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- 33 - procedure for washing out the polymal eic anhydride resin from

pol yal kyl ene succini ¢ anhydri de prepared from hi gh nethyl vi nyl i dene

pol ybut ene. A pol yal kyl ene succinic anhydride with a succinic ratio of 1.0
i s disclosed. One advantage of polyal kyl ene succi ni ¢ anhydri de from hi gh
met hyl vi nyl i dene 5pol ybutene is that it can be prepared essentially free of
chlorine. U S, Patent No, 4,234,6435 teaches a preferred pol yal kene-derived
substi t uent W& H WhRieh A Serend alFER IHEMEO®AIDGe reastiopotdbieenes, an

especi al |y prpéesees M §a@1ﬁ'€9ﬁiénﬁe{15a996@§l?976r-®iviigi@@ﬁ§@ésc?ib§8 Hef@ghes that

t he succini mdes nust have a succinic ratio 0O | east That is, there
shoul d be at l[east 1.3 succinic 10groups per equival ent wei ght of

pol yal kene-de&; Vﬁg ggﬁgtl tuent group. Mst preferably, the succinic ratio

shoul d be fr . . 5. O her suitabl e al kenyl succinic anhydrides
i ncl udes those described in U S. Patent No. 6,030,930. Typical alkenyl used

in the preparation are 15et h%l ene and 1-butene copolynmers. (S) The Ether
Conpounds  NRNBHET EMRSEIMBMOf e Piseept kwention.nbe sppeiiier Ra&apdpymer i s
further react i i ; apab | {1k t wo
succi ni m de g%ﬁ%@”.é“sotﬁﬁ@%‘? gyggﬁcé'ﬁ@@?rpgggﬁgs i n#a%ﬁgéfihylﬁlt’%agge not limted
to, the foll owisayirard §eChenoroatayborviie scboExstaptreseaf osaiablze

pol yet her am nes_jng¢lude. conpounds havi ng the fol i tructure: wherein
RLis indepencﬁ%&?#’%yhﬁf&}%g’g’ﬁy%? A hydrio f%?na'ljfrdf?g\é% %%@fsmﬁl to 4 carbons,
and n is fthe dgahecerhbRObIRE! Zehbeibd Gemapabl ¥okhf rRabMatder pRplkam nes
suitable for use in the {frese_nt invention will contain at |east about one
ether unit, p¥efér¥BRYNTT ittt 18 lcambentatame, havire a puetrabiejader om 5
about 10 to r r r 15 . t 2 t her
units. The pgrlq?léat% H%rr %\éﬁhﬁyﬁ ﬁé@”ﬁéﬁéﬁg 1%)lzatfsc)e o‘ﬁ%@%yﬁ%‘% ég\ﬂﬁaﬁ%gm%ﬂgm C2- C6
epoxi des suchcamlyehdnydadhegoxpdethepoan\df enangx vidgidanrdohiky viidexs de. 10
Exanpl es of pol yet her pol yam nes arecﬁ%{d under the Jeffam ne(r) brand and
are commer ci a9'PYP & 18 RGPS IrA 1R IgHR6r ation | ocated in Houston,

Texas. 15 Ot her exanples of suitable polyetheram nes include
pol yoxyt et ranet hyl ene 15pol yam ne conpounds having the foll ow ng structure:
H2 N-(H2C)3 Thus, preferred copolymers of the present invention are prepared by reacting

a "reactive" high molecular weight olefin in which a high proportion of

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

CH,

50 R Ry

wherein R and R, is an alkyl or substituted alkyl of sufficient chain length o

give the resulting moiecule stabiiity in Iubricéting oils and fuels, thus R

generally has at ieast about 30 carbon atoms, preferably at ieast about

25 50 carbon atoms and Ry is a lower alky! of about 1 to about 6 carbon atoms,
with an unsaturated acidic reactant in the presence of a free radical initiator.
The product copotymer has alternating polyalkylene and succinic groups and

has an average degree of polymerization of 1 or greater.
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( (CH2)4-0)(1 ,CH2,4-0 n-1 (CH2)3-N H2 wherein n is the
degree of polynerization (i.e., nunber of nonomer ether 20units). Polyether
Am ne Derivatives Furthernore, the copol ynmer reactant may be reacted
wi th a pol yether am no 25al cohol or amino thiol. Polyet her Am no Al cohol

The preferred copolymers (i) of the present invention have the general
formula:

wherein W' and Z' are independently selected from the group consisting of
--0OH, --O-- fower alkyl or taken together are --O-- to form a succinic anhydride
group, n is ong or greater; and Ry, Rz, R3 and Ry are selecied from hydrogen,
lower aikyl of 1 to 6 carbon atoms, and high molecular weight potyalkyl

10 wherein either R and R, are hydrogen and one of R; and Ry is lower alkyi
and the other is high molecular weight polyalkyl, or R; and R, are hydrogen

and one of Ry and Ry is lower alkyl and the other is high molecular weight
polyalkyl.

15 Copolymer (ii) may be alternating, block, or random.

in a preferred embodiment, when maieic anhydride is used as the reactant,

the reaction produces copolymers predominately of the following formuia:

Ny

20 n

-25.



Typically, amno al cohols may be forned when the al cohol end groups of a
30conpound are not conpletely converted to am nes during reactions, such as
reductive am nation. Also, one nmay initiate a polynmer chain (i.e. grow
propyl ene or ethylene oxide) froman am no group and therefore have an

am no on one end of the pol yrrer chain (i.e. in|t|ator) and an al cohol

' he cul e ohol termni.
ESE;?HBFZS 81[ %Ffénﬂms Sgﬁg@e‘{] %%t 86 ?‘@gﬁas br%'r%(ﬁ%agﬁ AB% ehavi ng t he
fol | owi ng st r pedfaradly MMH%H{]ZNQREQ% Haawhedeigdidoldd frém r?}%@@@‘é!d%\b&b’ a
hydr ogen or laﬂ%(oc r byl roup, having 1 to 4 carbons, and n is the degree

of polyneriza hot acye @|6>Par@%ai}9618y@ﬁqhB&Qhawbecaﬂlafomget padyalkdbl e for
use in the proaRRlinlRAMENR] 9Ry W, Lt ﬁg%%ﬂ Ah (J kﬂ%%“ %WSWSF gﬁ'ﬁgf uni t,

preferably from about 5to about re pre era rom-a 10to
about 50, andagddne ﬁ’di]ﬁélsmleiﬁ mza@cttyarfwexghamwlkw&rtmj ahbm agbhetrbgenuni ts.

G h I ether no, .al cohol.s, i ncl ude
pol sgxsi(:{rfaen%tﬁ %ne il g ngo G OhEF" %lﬁlﬁgﬁ iHg qhH@OIIGSPII%WGI*Eﬂ
20structure: H3Na|2C) 3 O0(CH2)4-0 (0OH2)4-0(CH2)4-0H

Preferably, the high molecular weight polyalkyl group has at least about

10 30 carbon atoms (preferably at least about 50 carbon atoms). Preferred high
molecular weight poiyaliyl grou.ps inciude polyisobutyl groups. Preferred
polyisobutyl groups inciude those having average molecular weights of about
500 1o about 5000, more preferably from about 800 to about 2500. Preferred

lower alkyl groups include methyt and ethyi; especially preferred lower atky!
15 groups include methyl.

A particularly preferred class of olefin polymers comprises the polybutenes,
which are prepared by polymerization of isobutene. These polybutenes are
readily available commercial materials well known to those skilled in the art.

20 Disclosures thereof will be found, for exampie, in U.S. Patent Nos. 4,152,499
and-4,605,808, which are herein incorporated by reference for their
disctosures of suitable polybutenes.

Preferably, 1,1-disubstituted olefins are used to provide a high molecular
25 weight, oil soluble tail in the terpolymer. Preferably the 1,1-disubstituted olefin
* has an average M, of from 500 to 5000. One particutarly useful ,
1 ,1-disubstituted olefin is a 1,1-disubstituted polyisobutylene, such as
methylvinylidene polyiscbutyiene.

30 Preferably the copoiymerizabie polyrmer comprises a high molecular weight
polyaikyl group which is derived from a high molecular weight olefin. The high
molecutar we’ight olefins used in the preparation of the copoiymers of the
present invention are of sufficiently long chain length so that the resulting

- 06 -



in-1 wherein n is the degree of polynerization. 25 - 36 - Polyether Am no
Thi ol Exanpl es of suitable polyetheram no thiols include conpounds havi ng
the foll owi ng structure: \in wherein RL is independently a hydrogen or
hydr ocar byl group, having 1 to 4 carbons and n is the degree of
pol yneri zati on. Ot her exanples of suitable polyetheram no thiols include
pol yoxyt etramnet hyl eneam no thjol having the fol]ow ng structu eh: .
composition is soluble in and compatible with mineral oils, fuels and the like;
and the alkyivinylidene iscmer cf the high molecular weight olefin comprises

at least about 20% of the tota! olefin composition.

5  Such high moiecular weight olefins are generally mixtures of moiecuies

having different molecular weights and can have at least one branch per
6 carbon atoms afong the chain, preferabty at least one branch per 4 carbon
atoms along the chain, and particularly preferred that there be about one
branch per 2 carbon atoms along the chain. These branched chain clefins

10 may conveniently comprise polyalkenes prepared by the polymerization of
olefins of from 3 to & carbon atoms, and preferably from olefins of from 3 o
4 carbon atoms, and more preferably from propylene or isobutylene. The
addition-polymerizable olefins employed are normally 1-olefins. The branch

may be of from 1 to 4 carbon atoms, more usually of from 1 o 2 carbon atoms
15 and preferably methyi.

The preferred alkyivinylidene isomer comprises a methyl- or ethylvinylidene

isomer, more preferably the methylvinylidene iscmer.

20 The especially preferred high molecular weight olefins used to prepare the
copolymers of the prasent invention are polyisobutenes which comprise at
least about 20% of the more reactive methyivinyiidene isomer, preferably at
least 50% and more preferably at least 70%. Suitabie polyisobutenes include
those prepared using BF; catalysis. The preparation of such polyisobutenes in

25  which the methylvinylidene isomer comprises a high percentage of the total
composition is described in U.S. Patent Nos. 4,152,489 and 4,605,808.

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

radica! initiator. The process of the preparation of copolymer (it} is described

- 07 -



(CH2)4-0(CH2) 4-0---(CH2)4-SH ) H2N- (H2C) 30 wherein n is the
degree of polynerization. Generally, the polyetheram no thiols suitable for
use in the present invention will contain at |east about one ether unit,
preferably fromabout 5 to about 100, 20 nore preferably fromabout 10 to
about 50, and even nore preferably fromabout 15 to about 25 ether units.

in Harrison, U.S. Patent No. 5,112,507, which is herein incorporated by
reference in its entirety.

The reaction may be conducted at a temperature of about -30°C to about
5 210°C, preferably from about 40°C to about 160°C. The degree of
polymerization is inversely proportional to temperature. Accordingly, for the
preferred high molecular weight copolymers, it is advantageous to employ
lower reaction temperatures. For example, if the reaction is conducted at
about 138°C, an average degree of polymerization of about 1.3 was obtained.
10  However, if the reaction was conducted at a temperature of about 40°C, an

average degree of polymerization of ébout 10.5 was obtained.

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

15  ratio, and then stirred at the reaction femperature.

Alternatively, the reaction may be conducted in a diluent. For example, the
reactanis may be combined in a solvent, Suitable solvents include those in
which the reactants and free radical initiator are soluble and include acetone,
20  tetrahydrofuran, chloroform, methylene chioride, dichloroethane, toluene,
dioxane, chiorobenzene, xylenes, or the like. After the reaction is complete,
volatile compdnents may be stripped off. When a diluent is employed, it is
preferably inert to the reactants and products formed and is generally used in
an amount sufficient to ensure efficient mixing.
25
In the preparation of polyPIBSA, improved results are obtained by using
PIBSA or polyPIBSA as a solvent for the reaction.

in general, the copoiymerization can be initiated by any free radical initiator.
30  Such initiators are well known in the art. However, the choice of free radical

initiator may be influenced by the reaction temperature empioyed.
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Et her Pol vam nes Ether Dia mnes 5 In yet another enbodi ment of the present
I nvention, the copolyner may be reacted with ether diam nes. Suitable
di amines are reacted with the copol yner, such as

decyl oxypropyl-1, 3-di am nopr opane, isodecyl oxypropyl-1, 3-di am nopropane,
| sododecyl oxypropyl-1, 3-di am nopropane, 10

dodecyl i t et rai‘i’w%cé'rlepe?ﬁ'e%rfgepé' ga'dq'ca‘fl)’Tn%eﬂ%?é%@rtﬂg?ﬁ?oxidedype polymerization

i sotridecyl oxypropy ~di‘am nopro
t et radecyl oxypitisioys Andthdi auu-tyoppopamneizafiohyetibers. Féddisiorl&an alsgde anot her

enbodi nent of the present inventi, the copol yner may be reacted with a
pol yet her coﬁgﬁ?@t‘ﬁ?tm%%%?ﬂdga%%yl end groups to forman ester. The

pol yet her polyols have the followi ng structure: H2H2H2 HO- C--C in Werein
Rl is independently a hydrogen or hydrocarbyl group, having 1 to 4 carbons,
and n is the dwgpeexidt-pet freradiasliiofator c3@ be orgenErordRigpnNéstief suitabl e

pol yet her pol yols. i t t n | h as
t hose re}c err e%lfgfa ﬁicair‘s%%f@?tgF%%hé%mﬁuﬁgﬁa%jeﬁ Smrr(%%gxs%ds % ﬁgﬁfﬁf‘%ﬁﬂ%ﬁ%
Cor por ati on, Mid Ri ngt@iectdkiramehne grdwayeogsistrey dididovgergasd pug bryagic 5
HO (H2O 4 (\ 0O(CH2 4-0(CHZF%4-OH _ .
radical. Bdth Rsand R' 3 can be organic radicals, preferably hydrocarbon,
aroyl, and acyl radicals, carrying, if desired, substituents such as halogens,
10  etc. Preferred peroxides include di-tert-butyl peroxide, dicumyl peroxide, and

di-teri-amyl peroxide.

Examples of other suitable peroxides, which in no way are limiting, include
benzoyi peroxide; fauroyl peroxide; other tertiary butyl peroxides;

15 2 ,4-dichiorobenzoyl peroxide; tertiary butyl hydroperoxide; cumene
hydroperoxide; diacetyl peroxide; acetyl hydroperoxide;

diethyiperoxycarbonate; tertiary butyl perbenzoate; and the like.

The azo-type compounds, typified by alpha,alpha’ -azobisisobutyronitrile, are

20 also well-known free-radical promaoting materials. These azo compounds can
be defined as those having present in the molecule group --N=N wherein the
balances are satisfied by organic radicals, at least one of which is preferably
attached to a tertiary carbon. Other suitable azo compounds include, but are
not limited 1o, p-bromobenzenediazonium flucroborate;

25  p-tolyldiazoaminobenzene; p-bromobenzenediazonium hydroxide;
azomethane and phenyldiazonium halides. A suitable list of azo-type
compounds cah be found in U.S. Patent No. 2,551,813, issued May 8, 1951 to
Paui Pinkney.

30 The amount of initiator to employ, exciusive of radiation, of course, depends
tc a large extent on the particﬁlar initiator chosen, the high molecular olefin
used and the reaction conditions. The initiator must, of course, be solubie in
the reaction medium. The usual concentrations of initiator are between
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/n-1 wherein n is the degree of polynerization.

polyols include, but are not limted to, the follow ng: pol yoxyethyle
gl ycol, pol yoxypropyl ene glycol, polyoxybutylene glycol, and

pol yoxyt et ranet hyl ene gl ycol . The nol ecul ar wei ght of the presentl
enpl oyed pol yether polyol wll generally 15 range from about 150 to about

5000, prefer

e R B AR PR R e oAt e APk [ et

conmpounds s

10Sui t abl e pol yet her

ne

y

er

one et her unidmpiret eeaRcy J.oos apaus 18:1t o about 100, nore 20 preferably
from about 10 to-about 50, and even nore preferred from about 15 to about
25 ether units. Generally, the polyether conpounds suitable for use in the

bresent. | nventof Rk DRGASEIKEHhEOMANLY ORERBLD B KRrCok dBufig ure of

et her types,

suc pol y( 6xyet hyl ene- co- oxypropyl erie) di am ne.

m xture of> etihdatonfd psadnagﬁbed@imilé,re& ~eantlosts. foor eadah@mals&mggbenmndl yrrer s

Pt anr oy LR B A B TR G BB R R ah T e b o

the copol ynerai@ybhde 90&@05:-@@%?%@%@%@%@ - coslyashareseol HMgHees,

pol yet her am no al cohol s, polye

her am no thiols, polyether polyols,

or

The

et her di am nel§Wweptergatpares sarube eatPlpyHcd @ssuitabedroad ianes pies PHAUES Ami no

Aromatic Re
pol yam ne,

ac
PO

{})@Q@ ﬁg&e%chbto'ui)ﬁo I@GEQ%%P%WHW;}% e(r}éqe‘{wnp&];. yerder

am no aromati c 10sel ected fromthe group consisting of (a)
N aryl phenyl enedi am ne, (b) am nocarbazole, (c) am no-indazolinone, (d)

am nomer capt otpé aZRki8n plRbuRIBIIANE bbEUMH Aignt t8Rthikhin RRMEMOMRREHY RRR am ne.

15

20

25

30

phase. Pressures can therefore vary between about atmospheric and

100 psig or higher, but\the preferred pressure is atmospheric.

The reaction fime is usually sufficient to result in. the substantiaily complete
conversion of the acidic reactant and high molecular weight oiefin to
copolymer. The reaction time is suitable between one and 24 hours, with

preferred reaction times between 2 and 10 hours.

As noted above, the subject reaction is a solution-type polymerization
reaction. The high molecuiar weight olefin, acidic reactant, solvent and
initiator can be brought together in any suitable manner. The important factors
are infimate contact of the high molecular weight oiéfin 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 moiecufar weight olefin is
added all initially to a mixture of acidic reactant, initiator and solvent or the
high motecular weight olefin can be added intermittently or continuously to the
reactor, Alternatively, the reactants may be combined in other orders; for
example, acidic'rea.ctant and initiator may be added to high moiecuiar weight
olefin in the reactor. In another manner, the components in the reaction
mixture can be added continucusly to a stirred reactor with continuous
removal of a portion of the product o a recovery train or fo other reactors in

- 30 -
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Preferred am no aromati c conpounds are descriped as follows: 15 (a)an

N- aryl phenyl enedi am ne represented by the fornul a: R2 20in which Rl is
H, --NHaryl, -NHal karyl, or a branched or straight chain radical having
from4 to 24 carbon atons that can be al kyl, al kenyl, al koxyl, aral kyl or
alkaryl; R2is --NH2, --(NH(CH2)--n)--m NH2, --NHal kyl, --NHaraI kyl ,

ot hen DRI ABRD RN o BT 4 Rt 1,

to 24 carbon atanss, Waem;mmbaﬁd;fynm@imw@‘ghkaéw &fmmldaﬁi@du@mms are
N- phenyl phenyl enedi am nes ( NPPDA), for exanP

N- phenyl - 1, 4- pFHGT @RE diehNRECHE frasignt andthsHeiisioe Akdrdaacheradaally over
N-phenyl -1, 2- %H%‘Wh%ﬂ@gét%ﬁ'dé% Ms%ﬂﬁ?'{ﬁ@;})la% irs BRERY% bereggﬂoﬁwh%?e thEX her
pol yam nes of NPPDA - may also be inc suc am nopropyl - N

- phenyl phehyl @nﬁmoa}ﬁﬂﬁeare(ald)ieéﬁt noear bazrel,t@zmtepmwhe editby the fornula: in
whi ch R and Rl each i ndependently represent hydrogen or an al kyl or al kenyl
radi cal haying from1l to 14 carbon atons, 10 (c) an am no-indazolinone

represented byddwrhersnl a:  15in which R is hydrogen or an al kyl radical
haying from1l to 14 carbon

In one embodiment, copolymer reactant (iii) is obtained by a copolymer

10 obtained by (a) reacting compound (i)(a) with compound (iXb) or (i)(c) in a
non-free radical catalyzed reaction in the presehce of copolymer (i) or
copolymer (it} or both; or by {b) contacting copotymer (i) or copotymer (i) or
both with the non-free radical catalyzed reaction product of compound (i)(a)
and compound (i}{b) or {i){c).

15

Preparation of Copolymer (iii)

A process for the preparation of copolymer {iii) is described, for exampie, in
Harrison, et al,, U.S. Patent No. 6,451,820, which is herein incorporated by
20 reference in its entirety.

In process step (a) above, any unreacted olefin, generally the more hindered
oiefins, i.6., the beta-vinylidene, that do not react readily with the
monoethylenically unsaturated Ci-Cqs monocarboxyiic acid or ester thereof, or

25 C4Cyg dicarboxylic acid or an anhydride or ester thereof, under free radical
conditions, are reacted wi_th monoethylenically unsaturated C3-Cog
monocarboxylic acid or ester thereof, or C4-Cog dicarboxylic 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

30 preparing thermal process PIBSA. Optionally, this reaction takes place in the

presence of a strong acid, such as sulfonic acid. See for example U.S. Patent
Nao. 6,156,850.
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atons; and

an am noperim dine represented by the formla:
represents hydrogen or an al kyl radical having from1l to 14 carbon atons;
and (f) an aryl oxyphenyl eneam ne represented by the forml a: _ _
which RL is H, --NHaryl, -NHal karyl or ranched or strai ght chai n radi cal

(d)an am nonercaptotriazol e represented by the formul a:

having from $dignf, %%%'ht

aral kyl or al karyl; %Iﬁl—ic%% Ve ﬂ-{ek%é%cﬁa%k %L‘%'OXWZOM

- - NHar al kyl ,

10

15

20

25

30

spiﬁemhmgat ﬁre ain@iwmoea:b%dhamebeth\tab aeicfa rescthnt andﬂi@ aich -
moiecular weight olefin. It is necessary to dissolve the acidic reactant and
high molecuiar weight olefin so as o bring them into intimate contact in the

soiution polymerization reaction. It has been found that the solvent must also

be one in which the resultant copolymers are soluble.

Suitable solvents include fiquid saturated or aromatic hydrocarbons having
from € to 20 carbon atoms; ketones having from 3 to 5 carbon atoms: and
liquid saturated aliphatic dihalogenated hydrocarbons having from 1 to

5 carbon atoms per molecule, preferabiy from 1 to 3 carbon atoms ner
molecule. By "liquid" is meant liquid under the conditions of polymerizatian. In
the dihalogenated hydrocarbons, the halogens are preferably on adjacent
carbon atoms. By "halogen” is meant F, Cl and 8r. The amount of solvent
must be such that it can dissolve the acidic reactant and high molecular
weigh't olefin in addition to the resulting copolymers. The volume ratio of

solvent to high molecular weight olefin is suitably between 1:1 and 100:1 and
is preferably between 1.5:1 and 4:1.

Suitable solvents include the ketones having from 3 to 6 carbon atoms and

the saturated dichiorinated hydrocarbons having from 1 to 5, more preferably
1 1o 3, carbon atoms.

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

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

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

3. saturated dihalogenated hydrocarbons, such as; dichloromethane;
dibromomethane; 1-bromo-2-chioroethane: 1,1-dibromoethane:
1,1-dichioroethane; 1,2-dichloroethane; 1,3-dibromopropane:

- 32
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R3 is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from4
to 24 carbon atons. A particularly preferred aryl oxyphenyl eneanmne is

4- phenoxyani | i ne. 5Met hod of Making the Lubricating Q| Additive
Conposition The lubricating oil additive conposition is prepared by a
process conprising charging the reactant copolyner (e.g., at |east one of

copolyners (i), (i4 iii)_ as cribed herein) in a reactor,

optional ly under af’%“ia?é}gagﬁr%%ﬁn&ej%% o Bheat FHY RPPE ¢ 'enper at ure of from
about 80C to aboutt,2-4MbioGptdmemal by dishidtdpiemingil 3 amnidispeharged
optionally under a nitrogen purge in the sane reactor. Both an am no
aromatic ani ne and' ‘QF%‘E‘%ng%W&?ﬁaﬁ‘éi 1 gotigllerrdrdansie Sgdrgwppentantne

derivative and/or pp| yelhiehioRplehineape charged, optionally under a nitrogen
purge, to the reactor. This mxture s 15 heated under a nitrogen purge to

a tenperat@re in range from about 130C to about 200C. Optionally, a vacuum
is applied to,the mxture for about Q.5 to about 2. oUrs to renbve excess
water. The | ubri car'ﬂ eaiqflzréedﬁt??vlevéu% ﬁﬁ&?%e@ﬁ”éwq%qﬂg%eg’é‘enade using a
process 20conprising sinmultaneously charging all the reactants (reactant
copol ynmer (i) éii), or (iii); the amno aromatic am ne; and the ether
conpound whi chPe6RRPI¥TET 6F cortvenieally seprrattd Bomotajeari@ndgolyyemeanted pol yet her
am no al cohol 4.pQl ' o] A YA, .ef her, pol yol )
2t The dosi red SRR BPLBR bR oL LA S AP PR A S be
charged at0andR8idievapedtigiatipesat unelite If dedildd, alsperding agempdntracti on, A
static m xer can {Je used tLDo faciﬁ}é}i tate n‘ixi,ng of the reactants as they are
bei ng char ged “¢E°VRBISBEE PEHSEFRITPE LS MFIPE. carried out for about 0.5 to
2 hours at a tenperature from about 130C to 200C. Optionally a vacuumis
applied to the reaction m xture during the reaction period. 30 Preferably,
the ratio of PBEpelifeLaid e sUEDNgenhedras RIBGEY] whaichveaahe Hoectly added

pb
pol yet her pol y i Jyunsat ur at ed - C25 nonocar boxylic acid
or ester or ng_(&écg)iygﬁ%gr ta%%ﬁ?mggh[i)’d,s ggnﬁgf;ﬁyipagp%r,%%ebgtaepumﬁeb%; to 0.05;
more - 4315 préfebnedrotbsasandioding e ARthed Qistiosed SRR R 8@l ed, the
ratio is 0.35,to 0.20; nost preferred, the ratio is 0.33. Preferably, the

rati o of am _ngwéi? &%W%‘”@Wﬁb@ﬁﬁ“@@r%ﬁ}%@ﬁ?l Bi-cald. yateridia. $rHi'ed7 3. 028
monocar boxyl i @naghdiPivedKhehnt Mt tion Bro@%sQ88e, e.g., U.S. Patent.

No. 3,172,882), a combination of the thermal and chlorination processes
(see, e.g., U.S. Patent No. 3,812,764, catalytic strong acid processes

20 (see, e.g., U.S. Patent Nos. 3,819,660 and 6,156,850), and free radical
processes (see, e.g., U.S. Patent Nos. 5,286,799 and 5,319,030). Such
compositions include one-to-one monomeric adducts (see, e.g., U.S. Patent
Nos. 3,218,666 and 3,381,022), as well as high succinic ratio products,’
adducts having alkenyi-derived substifuents adducted with at least

25 1.3 succinic groups per alkenyi-derived substituent (see, e.g., U.S. Patent
No. 4,234,435).

Polyalkylene succinic anhydrides also can be produced thermally aiso from
high methylvinylidene polybutene as disciosed in U.S. Patent No. 4,152,499,
30 This process is further discussed in U.S. Patent No. 5,241,003 for the case
where the succinic ratio is less than 1.3 and in EP 0.355 895 for the case
where the succinic ratio is greater than 1.3. European Applications
EP 0602 863 and EP 0 587 381, and U.S. Patent No. 5,523,417 disclose 3
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di carboxylic acid, anhydride or ester is 0.95 to 0.10; nore preferred, the
ratio is 0.40 to 0.20; even nore preferred, the ratio is 0.35 to 0.25; nost
preferred, the ratio is 0.33. 10l n one enbodi nent of the invention, the

non-free radi cal catal yzed reaction product of conpound (i)(a) and conpound
(1)(b)-or (i)(c), which is contacted with either copolymer (i) or copolyner

ar omat o am TRLCRAT 10 TR e PO SR SR e SO PR o pkuehe poy

conpound) . 15sucuinid ardtydnde Grépafednosi higbmdthelvinyidecapblygu@nk. Addi ti ve

conposi tion described above is nerally added to a e gil that is

SUT T of ent 't PAGHATGH SRS ABMETEETth B ExBIR Lo ACa) R P IRRBR | on
engi nes, gear sdvaatdctdrRsAIS MRS ccP AR d e fhe HighrgRiviAgidene
conposition of the present invention conprises a major anount of oil of

| ubricati iy vigagersisdhat hean hemrerasantessentidly frasel dueineg Lob| Palgai ti ve
conposi tion. I, [ ANV, | i wof oils
of T ubr i cat] 3ot eebiy eetiks SHEAER ABYaREn 2R Sl oS Ng T
such conposi t & dhsSn ey rdoge of 1E0B432001 Boopoigyntchet | &n espscial frakerediM, havi ng
a viscosity of at least. 2 St at 40C and a pour  point  hel ow 20C,
preferably at fa&g%%m@-é@f?-i ‘%8@?@”&8558.t8%%990§@ét PUCTRITId5E rﬂ‘é&iﬁ%ﬂ from
synthetic or papufat r$QUECAeasiOM NelAls Ahd® diRfuId'BE A%dhe baseini | in
this invention include, for exa_n?‘l e, paraffinic, naphthenic and other oils
that are 60 di patpkpeusedvalant wbichtat poigaibehe-denpos stbgiigeniQyathddest oil s

and it ur 05 CRATBBY: AR R hiE HLor Bt UBLELY 25 ag. . by ocarbon

synthetic oils may include, for exanple, oils prepared fromthe

pol ymeri zati on of ethylene, polyalphaolefin or PAOoils, or_oils. prepared

f rom hydr ocar @éfﬁlers%klﬁ@w&ﬁ”%erfﬁmgé@h%ﬁ‘% BeltEBR hRfoXGHELERH hydr ogen
gases such asjj i r - G ocar bon
1551 nol ude | st "oy oy S Oap TRRA S e B Lo 00 o .
Especi al | y5usefhylerarand heutyrdrangpenatad. | i qui d ol i goners of C5 to 012 al pha
ol efins such as 1-decene trinmer. Likew se, alkyl benzenes of proper
viscosity, such as didodecyl benzene, can be used. Useful synthetic esters

include the esgers plharonRpesibexyl i ¢ acids and pol ycarboxylic acids, as
wel | as nono- hydroxy

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

ether compounds include, but are not limited to, the following:
Polyether Polyamines
25  Examples of suitable polyetheramines include compounds having the

following structure:

Ry Ry Ry

Ha Hy Ho -
Hy N Gmooee C - G G e G - O —— G ——C ——NH,
H . H H
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10 al kanol s and pol yols. Typical exanples are di dodecyl adipate,
pentaerythritol tetracaproate, di-2-ethylhexyl adipate, dil auryi sebacate,
and the |like. Conplex esters prepared fromm xtures of nono and

di carboxylic acids and nono and di hydroxy al kanols can al so be used. Bl ends
of mneral oils with synthetic oils are also useful. 15 Thus, the base oi
can be a refi fid i i i ‘ I\ f oil, or.
a synthetic h;‘/@?gﬁgﬁ(%mg?b%rg%rﬁ%&géug%noﬁr %?‘Paﬁggﬁbgﬁ?'{&ggﬁﬁﬁq@?z%om ty.
The base oi | damrzonsoaps nds Hexdegreeof polymeeridatiandGseysraetticcpdibther 20 Met hod

f f th The |ubricating oil. additi [ti
of the presonPUPRVLN SRACE Bt M Beatebrithr Rl Botal oheaatrayt "

t her eby producnsgtizerlunitr predrablg fairh 2660P0%b bbowm. 10Thendry préfepdtingoad |

conposi ti 05 cont ac{s t he engi ne, inproving dispersancy. 25 Accordingly, the
present i nvenfPoit 1&10P% Gngiaven raeret s eeRBYHEEN 6POMNT BvabrytdibsgBesancy in
an internal compystion engine which conprises operating the engine with the
| ubricating oil conposition of the invention. The foll owi ng exanples are
presented to illustrate specific enbodinents of 30 this invention and are

EXANPLES. Exanpils 0 o TR G2 Far Ben et SO EBR0: ST 59513 gr ans

of high net hy@ﬂoﬁwbb@@ﬁ}ea@@t%ﬁmw&,%p?@%bwm@, BHABEfI&VehRge, mol ecul ar
wei ght (Mj) of_about 2300 and a nethyl vinyil dene content” of about 78%

(whi ch i s 1Bvaifx@piRtes ploralysiisE ppdvaminesapalsold undadhe velkarshefyedrdend 4-1
reactor equi ppgd W ol PR I C rold er d.10 head
condenser and%%g%%r&g%%!gap gﬁ%%@%ﬁ%&(ﬁ@%ﬁgo&l%c(:;aa'%%g.inr E{gﬁég{o& t he
reactor, and tThszagitated m xture was heated to 150C. Traces of noisture
were renoved by spelt-ling 250 scnsimn nitrogen through the m xture for
about an hour. After drying, the nitrogen was fed to the reactor head space

; te of y! _ as .
at arate o @thé?@%rﬁ%ﬂeb Bf Sﬂ{?ﬁ)l@p&yg@%rﬁ%ﬁé&n@i@%gﬁ*@g@%ﬁéﬁgﬁ% glrf/‘mt;o

di cunyl peroxide in a 50% solution with tol uene wer

t he react 6P ov¥yamiRgupspoprdehaying tnafaliceviegbiydetiske and di curyl per oxi de

charging were fin ished, the tenperature of the _reactor was naintai ned at

150C for another 1.5 hours. The reactor was heated to 190C. During the

heati ng of the reactor, the pressﬁ was adually lowered to 20 20 nm Hg
r

when the tenperature o eac I s 1 ._Jhe erature was geld
m b Cg3hel a\ (%942(% H%;égg" 6 Ko‘%?g?o&% ?
n_

at 190" and the pressur% wa's

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

Paiyether Amine Derivatives

Furthermore, the copolymer reactant may be reacted with a polysther amine
25  alcohol or armino thiol.

| Polyether Amino Alcohol

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

reductive amination. Alsc, one may initiate a polymer chain (i.e. grow
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1 hour during which 15 grans of condensate was coll ected. The product was
cooled and a yield of 2693 grans of copolyner (I) was obtai ned. 25Etyanvole
2 Terpolymer Preparation with Post Treatnent Step (Copolyner (iii)) 67,584
grans of high nethylvinylic_2'ene polyisobutyl ene having a nunber average
noi ecui ar wei ght (M n) of about 2300 and a nethyi vinyiidene content 30o0f
about 78% (wh I | 30 was char ged
to a30-gall onb%yﬁg%ﬁééﬁﬁ%eeg%%%g%%ﬁ%p ”{/%II érﬁaggﬁgﬁ%?%r? &t ure
controller ananVE@MQadecdmﬂémaﬁﬁwaadcmmaQLyﬂhmaﬁﬁﬁemiaﬂambhﬂexﬁﬁmﬁgne was
al so charged [ eact or d the agitated m xture was heated to 150C.
Traces - 46 -&Paé ﬁ%”%Pﬁ?@auﬁPgh$Hﬁﬁﬁageﬂvt %QQQﬁtﬁﬁ“@ 7 sL/nin nitrogen
t hrough the m xture for about an hour. After drying, the nitrogen was fed
to the reactor. head space at a rate of 500 scns/rniin. 4802 grans naleic
anhydri de ndE&aTP&Sa@FBSUlS%b'ﬁ@P%Hm@a@malcgé@f@xﬂcd@dwrep¢ww$ﬁxmhg #meousl| y
to the reacto s: After the mal eic anhydride and di cunyi
per oxi de chargwﬁgﬁ&%%gngwﬁlshed the tenperature of the reactor was
mai nt ai ned at 150C for another 1.5 hours. The resulting terpolyner was then
post-treated by heating from 150C tg about 232C. Wen the tenperature
reached about 170C, 68.3 gra of s |fo ic agid (der| ed froma sul fonation
of a m xture of alkyl 10benzenes), was c arg% to tihe eactor and heating
was continued until the réactior—+ H2320 | nredi at el y
after charging the suifonic acid, 3201 grans nalelc a hy ride was fed to
the reactor over about 1 hour. The pressure gontrol was set to held at 10.3
psig (172.4 Kpa). The reactor tenperature was"held at about 232C and 10. 3
psig (172.4 Kpa) for 2 hours. 15The reaction product was cooled to a
tenperatU{ bel ow 190C and then diluted wth 46,600 crans of 100 Neutr al
oil. This @'elded about 119,500 crans of oil-diluted copoiyner (ilig Snal
amounts of se r apd d| onaceous
amounts o asﬂ@gﬁ?ﬁg@?%ﬁm%g@ﬂ%ﬁ@%ﬁﬁﬁﬁﬂogeﬂcﬁ%?&&%atwl&bup, gvingd

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

15 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

polyoxytetramethyleneamino alcohol compounds having the following
20 structure:

HzN‘(Hzc):a‘"“"“O‘{(CH2)4'O}‘(CH2)4_O“—“(CH2)4_OH
_ n-1

wherein n is the degree of polymerization.
25
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Preparation of G| Soluble Lubricating G| Additive 300 grans of polymer
prepared according to Exanple 2 were charged to a reactor under a nitrogen
purge and heated to a tenperature of 140C. The charged pol yner was put
under a vacuum for 45-60 mnutes, in the sanme reactor, 22.5 grans of
diluent oii was charged. In the sane reactor, 17.72 grans of . 76
N- phenyphenyl DA) was charged under a nitrogen purge.

crgms )(;1? po?/yggg/g ?ﬁ@ﬁgé%ﬁgl am ne (PPO DA, having an approxi mate nunber
aver age nol ecul ar wei ght of 400) was slowy charged 30 tg t he sane reactor
under a nitroge rge. . reactor i s heated to 150C under a nitrogen
purge. The regé?@&]%sgﬁﬁﬂghﬁﬁd@ﬁ/e e\?%'@ﬁlﬂﬁ%%? inglgieeRimroynsis g thkat er . The
charge nol e rajgzbw;r@fgtmrdﬁ’ﬁ@A to anhydride was 0.8. The charge nole ratio of
PPC.i DA to anhydride was 0.10. - 47 - Follow ng the general procedure of
Exampl e 3, 5Exarrp| es 4-7 and Conparative Exanples E-F were carried out and
are also summarized in Table and abI IA 5 Tabl e 1 Post Treated
Terpol ymer reacted with NPPD or 4- PA a po%\ioxyal ky ne di am ne Exanple

Pol ymer Charge (9) Am ne 1 Twe AHi e 1 arigge, (9) H, Am ne 1 Anhydride
Content Amine 2 Type N OO = G OO G5

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

4 carbons and n is the degree of polymerization.

10
Other examples of suitable polyetheramino thiols include
polyoxytetramethyleneamino thiol having the following structure:
HzN—(H20)3-—O‘€(CH2)4-O}——(OHZ){—OW(CH2)4—-
n-1
15

wherein 1 is the degree of polymerization.

Generaily, the polyetheramino thiols suitable for use in the present invention
wiil contain at least about one ether unit, preferably from about 5 fo about 100,

20 more preferably from about 10 to about 50, and even more preferably from
about 15 to about 25 ether units.
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Am ne 2 Charge (9) CVMR Am ne 2 Anhydride Content 3 300 NPPDA 17.72 0.80

PPO DA 400 g/nol 4.76 0.10 4 300 NPPDA 8.84 0.40 PPO 0A400 a/nol 14.4 0.30
5

Ether Polvamines

cther Diamines

5 in yet another embodiment of the present invention, the copolymer may be
reacted with ether diamines. Suitabie diamines are reacted with the
copolymer, such as decyloxypropyi-1,3-diaminopropane,
isodecyloxypropyl-1,3-diaminopropane,
isododecyloxypropyl-1,3-diaminopropane,

10 dodecﬁy!/tetfadecyloxypropyl-1 ,<J-diaminopropane,
isotridecyloxypropyi-1,3-diaminopropane,

tetradecyloxypropy-1,3-diaminopropane,

Polysther Polyol
15
In yet another embodiment of the present invention, the copoilymer may be
reacted with a polyether containing at ieast two hydroxyl end groups to form
an ester. The polyether polyols have the following structure:
20
R4 R4 R1
HO——C A 0 c‘: w2 A 0
G G 07—0 C—<C H
n
wherein R+ is independently a hydrogen or hydrocarbyl group, having 1 to
4 carbons, and n is the degree of polymerization.
25
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75 NPPDA 1.29 0.23 PTMO DA 1000 g/nmol 11.5 0,38 6 100 NPPDA I1.70 ,0.23i
PEO DA 2000 g/nol 30.8 0.38 7 100 4-PA 4.0 0.55i PPO DA 4000 g/nol 36.0

0. 23

10

15

20

25

Other examples of suitable polyether polyols inciude polyoxytetramethylene
polyol compounds, such as those referred to as Terathane® which may be

purchased from DuPant Corporation, Wiimington, Delaware, having the
folliowing structure:

HO"(HQCMWO‘{(CH:z)aO}—(CHz)rOH
n-1

wherein n is the degree of polymerization.

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

polyoxyethylene glycol, polyoxypropylene glycol, poiyoxybutylene glycol, and
polyoxytetramethylene glycaot.

- The molecular weight of the presently employed polyether polyo! will generally

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

Generaliy,'the polyether compounds suitable for use in the present invention
will contain at least one ether unit preferabiy 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 compeunds suitable for use in the present invention
may be derived from only one ether type or a mixture of ether types, such as
poly(oxyethylene-co-oxypropylene) diamine. The mixture of ether units may
be block, random, or alternating capolymers. The presently employed ether

compounds are capable of reacting with at least two carboxylic acid groups or
anhydride derivatives theraof.
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N- pnenyl pnenyl enet harme PPO DA: Pol ypropyl ene oxi de di am ne 10PEO DA:
Pol yet hyl ene oxi de di am ne PTMO DA: Pol yt et ranet hyl eneoxi de di am ne

4- PA: 4- phenoxyani | i ne 15 Tabl e 1A: Conparative Exanpl es: Post Treated
Terpol ynmer reacted with ol ox alk | ene diamn Exanple Polymer Charge (9)
Amine 1 , | YPe Amne 1 Charge (9) CVR Am nel Anhydride Content Amne 2

Type Generally, the copolymer may be reacted with a mixture of polyether
polyamines, polyether amino alcohols, polyether amino thiols, polyether

polyols, or ether diamines 1o form a mixture of imides, amides and esters.

5 (C) Aminc Aromatic Reactant

in addition to the ether compound (1.e. polyether polyamine, polyether
polyamine derivative, polyether polyol, ether dimaines and ether triamine)
above, the copolymer is also reacted with at least one amino aromatic

10 selected from the group consisting of (a) N-arviphenylenediamine,
{b} aminocarbazole, (¢) amino-indazolinone, (d.) aminomercaptotriazole,

(e) aminoperimidine; and (f} aryioxyphenylene amine.

Preferred aminc aromatic compounds are descriped as follows:
15

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

Sty R3

et %
LY

20 in which-R1 is H, --NHaryl, -NHalkaryi, or 2 branched or straight chain
radical having from 4 to 24 carbon atoms that can be alkyl, alkenyl,
alkoxyl, aralkyl or alkaryl; Rp is —~NHz, ~-(NH(CHp)--p }--m NH2, —NHalkyi,
--NHaralkyi, --CH; --aryl--NHa, in which n and m each have a value
from 1 to 10; and Ra is hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or

25 alkaryl, having from 4 to 24 carbon atoms. Particularly preferred
N-arylphenylenediamines are N-phenyiphenyienediamines (NPPDA),

~ for example, N-phenyl-1,4-phenylenediamine,
N-phenyl-1,3-phenylenediamine, and N-phenyi-1,2-phenylenediamine
and N-naphthyl-1, 4-phenylenediamine. Other polyamines of NPPDA
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Ami ne 2 Charge (9) CVR Am ne 2 Anhydride Content E 100l none None N A 1PEO
DA 1100 g/ noi 128.40 0.5 F 801lnone K. _ None N A PEO DA 2000 q/nol 37.87

may also be included, such as N-aminopropyl-N'
-phenylphenylenediamine.

(b)  aminocarbazole represented by the formula:

5
in which R and R" each independently represent hydrogen or an alkyl
or alkenyl radical having from 1 to 14 carbon atoms,
10
(¢} an amino-indazolinone represented by the formula:
O T
LN
\
b
HN\ \ /\R
N
|
H
15 in which R is hydrogen or an alkyl radical having from 1 to 14 carbon

atoms; and
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0.5 mne PPO DA: Pol ypropyl ene oxi de di am ne PEO DA: Pol yet hyl ene oxi de
di am ne 20 Exanple 8 Preparation of Q| Soluble Lubricating QI Additive
25 88 grans of polynmer prepared according to Exanple 1 were charged to a
reactor under a nitrogen purge and heated to a tenperature of 140C. The
char ged poI ymer was put under a vacuum for 45-60 m nutes. In the sane

o am of N pHehy pRELT SR S s R RISRREIS Sl OhFdBt dier @ 30 nitF ogen

purge. 26.04 grans of polyethyl eneoxi de di am ne (PEO DA, having an

approxi mate nunber average nol ecul ar wejght of 1000) was slowy charged to
the sanme reactor under a nitrogen purge, r or is heated to - 48 -
150C under a nitrogen purge. The reacf is {gt under a vacuumfor 1.5

hours to renpves excess water. The chdrge nol
was 0.23. The charge nole ratio of PEO DA to
the general procedure of Exanple 8, nmpl e 9,and Conparative Exanples A-D
were carried out and are al so summari z ,kﬁ/TabIe 2 and Table 2A. Table 2:
Terpol ymer (no post treatnent) reacted »nth NPPDA and pol yoxyal kyl ene
diamine 'l r i 00k/ma ,

ratio of N-PPDA to anhydride
nhydride was 0.39. 5Fol | ow ng

5
(e}  an aminoperimidine represented by the formula:
NH,
10 in which R represents hydrogen or an alkyl radical having from 1 to
14 carbon atoms; and
(f) an aryioxyphenyle'neamine represented by the formula:
. I /
Ry——Aryi— \ /
15 i
in which Ry is H, --NHaryl, -NHalkaryl, or ranched or straight chain
radical having from 440 24 carbon atoms that can be alkyl, alkenvyi,
alkoxyl, aratkyl or alkaryl; Ry is --NHz, ~~(NH{CHz )= )--m NHz, --NHalkyl,
20 or --NHaralkyl, in which n and m each have a vaiue from 1 to 10; and
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" 1 -1 Amne xanpie | Charge , _ | ype ,1,gj! Amine 1 IOWR CAmine 1
Charge ! .! An hydride Content ! Amne 2 Type Amne 2 Charge (9) 8 ! 88;
CPDA i 2. 461. 023Pr PC DA 1000 gi nol , 26.0410. 39, ' 105NPPDA, ! 424 10. 33!
P55-0 DA 500 Ono! !12.14 !0.33 EEC DA: Pol yethyl ene oxide diam ne, Table
2A:. Conparative Exanples: Terpolyme.r (no post treatnent) reacted with
15pol voxyal kvi ene Qia

' ! Q\/R
3 lsrﬂy%?oge'n, atkyl, la!keny!, alkoxyl, aralkyi, or alkaryl, having from
4 10 24 carbon atoms. A particularly preferred aryloxyphenyleneamine

is 4-phencxyaniiine.

5 Method of Making the Lubricating Qil Additive Composition

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

10 heating at a temperature of from about 80°C to about 170°C. Optionally, a
diluent oil may be charged optionally under a nitrogen purge in the same
reactor. Both an aminc aromatic amine and a ether polyamine,
polyetheramine, polyetheramine derivative and/or polyether polyof are
charged, optionally under a nitrogen purge, to the reactor. This mixiure is

16 heated under a nitrogen purge fo a f@mperature in range from about 130°C to

about 200°C. Optionally, a vacuum is applied to the mixture for about 0.5 to
about 2.0 hours to remove excess water.

The lubricating oil additive composition can also be made using a process

20 comprising simultaneously charging all the reactants (reactant copolymer (i),
(if), or (iii); the amino aromatic amine; and the ether compound which consists
of at {east one of a paiyether polyamine, polyether amino aicohol,
polyetheramino thiol, ether polyamine and polyether polyol) at the desired
ratios into the reactor. One or more of the reactants can be charged at an

25 elevated temperature fo facilitate mixing and reaction. A static mixer can be
used to {acilitate mixing of the reactants as they are being charged to the
reactor. The reaction is carried out for about 0.5 o 2 hours at a temperature

from about 130°C to 200°C. Optionally a vacuum is applied to the reaction
mixiure during the reaction period.
30

Preferably, the ratio of polyetheramine, polyetheramine derivative and/or
polyetherpolyoi to monoethylenically unsa‘cura’ced C3-Css maonocarboxylic acid
or ester or C4-Cog dicarboxylic acid, anhydride or ester is 0.45 to 0.05: more
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1 Polynmerl Amine Il ,, i2 !OVIR Anne 1 i cAmne 1 .1 ! Exanpi | Charoe
Type i'harge"nna .144-nine 2 Tyee r! ram. " 7 - ! Amne 2! .-"yrige
lenarge !! Annydride ! ;(9!)!(9)Contentll(g)l Co:nten: 1 90none ! noneN Al
PEO DA 900 gtnoi 27.89 10.5 i0 L.:100l none ,, noneN Al PEO DA 400
pinp!17.13 10.5 i Cl75none ! noneNAl1 EEO DA 1100 oinol 99.62 !0.5

oxi do._di i neh Exatast 870030 PacyLED s BRLF BEsTGiotEn 60 O e rent
St ep( Copol yne®.2p) mbai Arédergpcatie: @fichs glearet hyl vi nyi Il d ene pol yi sobutyl ene

havi ng a nunber average nol ecul ar wei ght (W) of about 2300 and a
nmet hyl vi nyi | dene content of about 78% (which is avail able from BASF- as

G ft:soci al @2R8nWasEhAbSed %&Q@ﬁ@b&ﬂgogﬁég r%néé’théi%%%ﬁ% equi pped
d over hea n

with agitator, tenpérature controller an condenser and receiver.
14, 267 gr ahvs @isadulierhCobhybrosayboxidineagivdloy esiebiteyéeiner Baing a number

| i . . bout .1 t hyl vi i1.S ] t ent
o ract Toovs eRlbotidRke difilidl oPR IR BY 1 & BT Mok B oed 1o
the reactor asd.the agior svadmotpreferaastnbeatiet ¢.05150Cs, s ppereduged a

66, 445 gram bl end of hi.gh nmet hyl vi nyl i dene pol yi sobutyi ene havi ng a nunber
aver age nol ectdRl8 '$:8i3ght of about 1800. Traces of nbisture were renoved

by sparging
- 10 In one embodiment of the invention, the non-free radical catalyzed reaction
product of compound (i)(a) and compound (i)(b) or (i)(c), which is contacted
with either copoiymer (i) or copolymer (i) or both, may be contacted in the
presence of component (C) (i.e. the aromatic amine) prior fo the addition of

component (B) (i.e. the ether compound).
15

Lubricating Oil Composition

The lubricating oil additive composition described above is generally added to
a base oil that is sufficient fo lubricate moving parts, for'exémple internal

20  combustion engines, gears, and transmissions. Typically, the lubricating oil
composition of the present invention comprises a major amount of ofl of

lubricating viscosity and a minor amount of the lubricating oil additive
compaosition.

25  The base oil employed may be any of a wide varisty of oils of lubricating
viscosity. The base oil of lubricating viscaosity used in such compositions may
be mineral oits or synthetic oils. A base oil having a viécosity of at ieast
2.5 cSt at 40°C and a pour point below 20°C, preferabiy at or below 0°C, is
desirable. The base oils may be derived from synthetic or natural sources.

30 Minerai oils for use as the base oil in this invention include, for exampie,
paraffinic, naphthenic and other oils that are ordinarily used in lubricating oil

- compositions. Synthstic oils include, for example, both hydrocarbon synthetic
oils and synthetic esters and mixtures thereof having the desired viscosity.
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6.7 slimn nitrogen through the m xture at 150C for about an hour. After
drying, the nitrogen was fed to the reactor head space at a rate of 500
scnBimn.reactor. 5426 granms mai ei ¢ anhydri de and 499 granms of nelted

di cunyl peroxide were fed to the reactor sinmultaneously over 2 hours. After
10t he mal ei ¢ anhydri de and di cunyi peroxi de charging were finished, the

The reaul 11 ng s AER A S RIE A AP, R o B Rl e RS R A0 85 o about
232C. Wen t hpolymepestanuofethgachgmbiviohtoidMObAPAO 6ifs, br @il a@pFerfed fhfhoni

acid (derived.f Om@'ﬁ sulf&nati on of a m xture of alkyl bereenes was
15charged to PRECFHRAR GYNERSISHERFEHES UENICERRehEmoNise and hdrpgarct or

termerature rgaghedcabouh AS3er T mpedh Btelitealibet) CRAhSIOHydBELBUh A0 C
acid, 3617_grans of numleic anhydride was fed to the re,actor over about 1
hour. The pre&$lude ligoih pAymarssOisaipha olefiol dasing 10e Promery/idchERy 4 dma)ally The
reactor tenpe 2C and .3 psi 172.4Kpa) for 2
hours. The reg%fygﬁre\éﬁ%(qg%r}é egéie@g%ﬁéjd&?%m&e? rtgtcgﬁ'@%é'%l%é\ﬁ &%d t hen

diluted with 26ie260e giraems Lifewl) aNsubsaremis of pFBbar MbioHsaost 118, 400
grans of oil -ai I Ht e(]i EOléFpﬁlj SSA. Smal | amounts of sedinment were renoved
using a pressHifeUrFY PEPZ N eotiste oiss B svpthedo ehtas igdsihe)e$arg of Exarve
11 Preparati gforefaBoky|BAdiH & b&oh e L L] ! s of

pol ymer pr epar ec? aaccor%li ng to %g%isg%?gpl\%e%&c’%ﬁg%@i\égén%mrlg\gdcrg% under a
ni trogen plr gélkandsredinedyde TypicpeamapissarefdidotlCyl AtieaBQebatgednmel yner
was put under um f or -60 mnutes. .jn the same reactor, 66.4 grans
of diluent oi feqﬁ?;ﬁgﬁ@ﬁg%:ﬁ*&f%@ylggﬁga%@g?oﬂauw:y@vqga%@r@fthe like. CompieX

N- phenyphenyl esied grebaed MorPRAUMas! SRaLAeH HBASLx@iELLOIRR HLE 64. 6
grans of pol ygrhgg%u eneoxi de di am ne- (FPO CA, having - 50 - an approxi mate
number aver agé& Bl @kanaletaheiseeased. glansis)ofwaiserd! oilk withheantredictods t he
same reactor ypdee,a-pitrogen purge. The reactor is heated to 150C under a

ni trogen purge. The reactor is put under a vacuumfor 1.5 hours to renove
wat er. ThéS5charge nole ratio of N-PPDA to anhydride :

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 tubricating

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

20 Method of Use of the Present Invention

The lubricating oil additive composition of the present invention is added tc an
oil of lubricating viscosity thereby producing a lubricating oif composition. The
iubricating oil composition contacts the engine, improving dispersancy.
25  Accordingly, the present invention is also direc’ted 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 examples are presented to illustrate specific embodiments of

30  this invention and are not to be construed in any way- as {imiting the scope of
the invention.
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5 was 0.23. The charge nole ratio of PEO DA to anhydride was 0. 38.

Fol | om ng the general procedure of Exanple 11, Exanples 12-14 and
Conparative Exanples G H were carried out and are al so summarized in Table
3 and Table 3A. 10 Table 3: Post-treated Pol yPl BSA pol yner reacted with
NPPDA and pol yoxyal kyl ene di am ne i Pol yner Exanple | Charge 1(0) Amine 1

Type Am ne 1 Charge (9) CMR Am ne 1 An@{drl de Content Amne 2 Type 1 1
Amine 2 Charge: (9) EXAMPLES

Examnis 1

Preparation of Terpolymar (Copolymer (i)

5
2513 grams of high methylvinylidene polyisebutylens having a number
average molecular weight (Mn) of about 2300 and a methyivinylidene content
of about 78% (which is available from BASF as Glissopal® 2300) was
charged 1o a 4-L rsactor equippad with agitator, tamperature controller and
10 overhead condenser and recsiver. 27.3 ar ’

r. 27.3 grams {-hexadecene was aiso

crarged to the reactor, and the agitated mixture was heated to 150°C. Traces

of molsturs were removad by sparging 250 sem®/min nitrogen through the

mixture for about an hour. After drying, the nitrog

nead spacz atara

an was fed o fhe reactor
te of 30 scmimin, 178.8 grams maleic anhvdride and

15 18:4 grams dicumyi peroxide in 2 50% solution with toluans ware fad
sémuﬁtaneousiy to the reactor over 2 hours. After the maleic anhydride and
cumyl peroxide charging were finished, the temparaturs of the reacior was
maimained at 130°C Jor another 1.5 hours. The reactor was heated o 180°C.
ring the heaﬁng of the reacior, the pressure was graduai%y lowerad o

20 20 mm Hg when the fempersture of the reactor reachad 180°C. The

na

temperature was geld at 190° and the pressure was held at 20 mm Hg (2.87 Kpa; for

1 hour during which 15 grams of condensate was collactad. The product was
cooled and & yield of 2883 grams of copolymer (i) was obtainad.

-~

mxampie 2
Terpolymar Praparation with Post T

gatment 3tep {Copolymer (i)

(833

7,584 grams of nigh meatnylvinviiciens polyisobutylene having a nuraber

verage molecuiarweight (My) of about 2300 and &

o)

o

maihvivinviidena content
30 of about 78% (which is available from BASF as Glissopal® 2300} was
charged to a30-galion {0.1138 m®) reactor sguipped with agitator, temperature controller

and ovarhead condensar and racaiver, 733

poy W)

&r. {23 grams 1- -nexadecens was also

chargsd to the reactor, and the agitated mixture was heated 10 150°C. Traces

T



CVMR Anmine 2 1 Anhydride ' Content 11 FOO NPPDA 1.79 0.23 PPO DA 4000npi
64.6 0.38 2 [75 NPPDA 1.29 0.22 PTMO DA 1000 ii/nol 12.5 0.39

of moisture ware removed by sparging 6.7 sL/min nitrogen through the
mixture for about an hour. After drying, the nitrogen was fed to the reactor
head space at a rate of 500 scm®/min. 4802 grams maieic anhvdrids and

441 grams of meited dicumy! peroxide were fad simultaneously to the reactor

h

over 2 hours. After the maleic anhydiride and disumyi peroxide charging wers
finished, the temperature of the reacior was maintained at 150°C for anoth

1.2 hours. The resulting terpolymar was then post-treated by heating from
150°C
68.3

3 grams of suifonic acid {derived from a sulfonation of a mixtura of alk

{0 about 232°C. When the te mperature reachad about 170°C

¢
i

e

U benzenes)was charged 1o the reactor and haating was continued unfil the
reactor iemperature reached about Z32°C. Immediately after charging the
sulforic acid, 2201 grams mateic annhydride was fad 1o the reactor over about
1 hour. The pressure control was set fo hold at 1@.3 nsig (172.4 Koa) The reactor
temperature was held at about 232°C

and 10.3 psig (172 4 Kpa) for 2 nours.

15 The reaction product was cooled (O a temperatura halow 190°C and then
dituted with 49,800 grams of 100 Neutral oil. This yvielded about
119,500 grams of oii-dituted copolymar (i), Small amounis of sediment wars
ramoved using a pressure fiter and diatomaceous sarth such as Celite® 512
20 —xampie 3
Preparation of Oll Soluble Lubricating Oil Additive
300 grams of polymer prepared according to Example 2 were o narged {o a
reactor under a nitrogen purge and heated o a temparature of 140°C. The
o1

S charged polymar was put under 2 vacuum for 45-80 minutes. in the same
reacior, 22.5

2.5 grams of diluent oit was chargsed. in the same reacior,

17.72 grams of N-phenyphenylen=diamine (N- -PPDA) was chargad und

nitrogen purge. 4.75 grams of potypropylensoxids diamine (PPC DA, having

an approximate number averags mole

-
=1

arw

ar waight of 400} was siowly charged

[
jan}

o the same reactor under a n‘[trogen purgs. The reactor is heatad to 130°C
under a nitrogen purge. The reactor is put under 5

& vacuum for 1.5 hours 1o
remove water. The char

«3
Wb

nole ratio of N-PPDA to anhydride was 0.8, The
charge moie ratio of PPO DA fo anhyaride was 0.10.
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13 75 NPPDA 1.29 0.22 PEO DA 1000 /nol 12.5 0.39 14 100 - NPPDA 1.79 0.23
PPO DA 400 ./nol 6.46 0.38 .eny ene fam ne PEO DA: Pol yet hyl ene oxi de

di am ne 15PPO DA: Pol ypropyl ene oxi de di am ne PTMO DA:

Pol yt et r anet hyl eneoxi de di am ne

Following the general procedure of Example 3, Examples 4-7 and

Comparative Examples E-F were carried out and are also summarized in
Table 1 and Table 1A.

5
Table 1: Post Treated Terpolymer reacted with NPRDA or 4-PA and polyoxyalkylene
diamine
Polymer Amnine 1 Amine 1 Ag?f]§1 Amine 2 Ar?:zi\rﬂns.?
Example Ch(ar)ge Type Ch(ar)ge Anhydride Amine 2 Type Ch(a:;ge Anhydride
g g Content g Content
3 300 NPPDA | 17.72 0.80 PPO DA 400 g/mol 4.78 0.10
4 30¢ NPPDA 8.84 0.40 PPQ DA 400 gimal 14.4 .20
5 75 NPPDA 1.29 0.23 - | PTMO DA 1000 gimol 11.5 038
§ 100 NPPDA 1.70 0.23 PEQ DA 2000 g/mol 30.8 038
7 10D 4-PA 40 0.58 PPO DA 4000 g/imol 36.0 0.23
NPPDA:  N-phenyiphenyienediamine
PPO DA:  Polypropylens oxide diamine
10 PEODA: Poiyethylens oxide diarmine
FTMO DA: Polytetramethyleneoxide diamine
4-PA; 4-phenoxyaniiine
15 Table 1A: Comparative Examples: Post Treated Termolymer reacted with
poiyoxyalkylene diamine .
: Polymer | \ . | Amine 1 Ar?“l[i\gz ; Aming 2 Ag?flzz
1 Example Ch(ar)ge Type Ch(ar}ge Anhydride Amine 2 Type Ch(ar}ge . Anhydride
g g Content g Content
E 100 none None BN/A PEC DA 1100 g/imoi 28.40 0.5
F 80 none None N/A | PEO DA 2000 g/mol 37.87 0.5
NPPDA: N-phenyiphenyienediamine
PFC DA Polypropyiene 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 to a
reactor under a nitrogen purge and heated to a temperature of 140°C. The
charged polymer was put under a vacuum for 45-80 minutes. In the same
reactor, 72.46 grams of diiuent 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 polyeth'yieneoxide diamine (PEO DA, having
an approximate number average molecular weight of 1000) was siowly

charged to the same reacior under a nitrogén purge. The reactor is heated fo
- 48 -



Tabl e 3A: Post-treated Pol PIBSA ool vm Exanpl e Pol ymer Charge (9) Amne 1
Type Amne 1 Charge (9) CVMR Amine 1 Anhydride Content Am ne 2 Type _......
CVR Anine 2 Amine 2 Charge Anhydride (9) Content

150°C under a nitregen purge. The reactor is put under a vacuum for

1.5 hours to removes excass water. The charge mole ratio of N-PPDA to

anhydride was 0.23. The charge mole ratio of PEQ DA o anhydride was C.

5 Following the general procedure of Example 8, Examole ¢ and Comparative

Examples A-D were carried out ancd ars also summarzed in Tabie

2 2 and

Tabie 2A.
) Tadle 207 : erpalymer (no post treatment) reacted with NPPDA and poiyoxyalkylene
10 diamine
! T 7 T 7 7 7 !
\ - I : : TR ; g b CoME i
1 | Polymer | L Aminet | T L oamine 2 o OMR O
| Example | Charge | Amine 1 | Charge | Amne 1 Amine 2 Type | Char | pome 2

= darge t | ne 2! e [ e . L. i

| g : Type | g | Anbyerice I b | : | Anhydride |
i i Vet 1 ¢ 14 | R
g i i | CTontent | ' 9 | Coment |
5 8 B8 L NPPDA L 248 0.23 | PEO DA 1000 qi"ﬂDi | 2604 0.38
L8 [ 1065 [ NPPDA| 424 | 033 [PECDAB0gmo | 1244 0.35

PEC DA Polvetnylene oxide diamin

Table 24 Comparative waarnp%es erpolymar (no post treatmeant) reacied with
15 palyoxyalkyiene diamine
| ! ! ‘ ShAR . | j AR |
| | Folymer ¢ . L Amine 1 VM\ | \ Arine 2 | CMR i
e R | Aming 1 | booAmine 1 . - DTl Amine 20
I mxampie | Chargzs |~ - Charge |, L Amine 2 Type | charge | | o
i - I Typs () 1 Anhvaride | *- L2 L anhvdride |
1 L ;¥ © Congeni | B conent |
L A 0 90 | none | nome | WA | PED DASOO gimol L 258 1 GE |
i B 160 1 nene | nons | NJE L PEC DA 400 aimal g 745 T Tos
L C 1 75 | none | none | N/A | PEC DA 1100 gmal | 2962 | 05
1, D |80 | none | none | NiL PEO DAZDOL g/mol | 3848 | 05

FE0 DAL Poiyethviens oxige diamine

=xampie 10

2
[an]

PolyPIESA Preparation with Post Treatment Step (Copalymer (i)

e

78 grams of high methyivinyiid ens ooty SODJIV\“WJ naving a number

ice
average molecuiar weight (M,) of =2bout 2300 and a me hy!vmyiidene content

78% {which is available from BASF as Glissopal® 2300) was

of about

charged {0 & 30-gallon reactor (0.1138m% equipped with agitator, tamparaturs
controfler and overnead condenser and racaivar, 14 267 grams of a high
metnylvinylidens polyisobutylene having a number averags motecular waight
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G 105 none none NN A PEO DA 1100 g/nmoi 1 32.06i0.5 H 85 none none NN A PEO DA
2000 g/ nol 41.4610.5 e oarmme Exanple 15 Preparation of Pol yPl BSA

(Copol yner (ii)) 25 4005 granms of high nethylvinylidene polyi sobut ene
having a nunber average nol ecul ar wei ght (M) of about 1000 and a

met iyl vi ny! | deneocasgnboalnaboubulR BhER Ao ATEBEGI A2l) yuAkAid abl e from
BASF and is knoan as% | ssgp?a g A\)kas ch aro to a reacf)gw and the
react or was heaiiedetimraBASE as Gl sesopalu 1000) was cnarged 1o the reactor and the

agitated mixture was heated to 150°C. This produced a 68,445 gram biend of

high me‘ﬁhvivmyi idene polyisobutylene | navmg a number average mot
5 " weight of

cular
about 180C. Traces of motsiure were ramoved by sparging

6.7 sL/min nitrogen througn the mibcture at 150°C for about an nour. Aftar
drving, the nitrogen was fed 10 the reactor head space at a rale of

500 scm’/min.reactor, 5426 grams maieic anhydride and 498 grams of melted

dicumy! peroxide were fad (¢ the reacio:

the maleic anhydride and d%cumyi peroxide charging were finished, the

was mairitainsd at 120°C for another

ne rasulting polyPiES4 was then Dosi-treated by haatl

g from 130°C o
about 232°C. Whan the tamperature reached about 170°C

sulfonic acid (derived from a sulfonation of a mixture of alkyi baenzenes) was

charged t© the reacior and healing was continuad
temperature reached about 232°C. immadiately afier charging the sulfoni
acid, 3817 grams of malzic anhvdride was fad 1o the rsactor over about -
re control was s=t Lo hoid at 14

surs
emperature was held at about 232°C and 103 p

D
s
—1
4
o
-1
0

action product was cooled 1o a tamperaturs balo

diluted with 45,200 grams of 100 N suiral oil. This

=
—
>
<
O
jaV]
.
jo3
%
-r
€]
=3

118,400 grams of cii-diluted polyP! 25,

U 3
=3
8
o
4
[
C
rw«
o
@
h=
(D
:3
o
=
=
&)
-y
j§3)

removed using a pressure filter and distom

[
(@]

= xamnle 11

Prenaraticn of Ol 5olublzs Lubricating Ol Aaditive

30 charged o

reactor, 88.4 grams of diluent ol was charged. In the same reacior
470

.79 grams of N-phenyphanylenediaming (N-PPDA)

nitrogen purge. 84.6 grams of polvpropyiensoxide diaming (P

U
U
&
-
m
=
=

el
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- 51 - tenperature of about 150C. 589 grams nale c anhydride and 54. 14
granms of dicunmyl peroxide were fed to the reactor. The tenperature of the
reactor was mai ntained at 150C for 1.0 hour after the mal eic anhydri de and
di cunyl peroxide are charged to the reactor. The reactor was heated to
about 200C over a period of about 1.0 hour, after which a vacuum was
applied to reduce the pressure to 0 psia (0 Pa) while maintaining the

t hel d under .v u ressure for about
P ST e R T Rt ey R e S e
condi ti ons ahatgeh® thesdmetreands untiensa fhitlogen @drde0 ThE eadcte id festatemat product .

10 Exanpl e o Pl ratbon of Ol Soluble Lubricating O] Additive 75 grans
of pol ;/rpner é?%pd;?rg%?gézggﬁggpﬁargteo ’@(éerﬁ??% 'S BUL HEEET @ N& ff o a 15reactor
under a nit fdgenrplrgmoandateedirecthbeganbrraes at NP lddGdriddhe char ged

n vacuum f.or -60 mnutes. in the sane reactor, 60.7
gfla?rsne:)f gﬁ?l\“}égtﬁtﬁoﬁﬁé\ﬁg@g%ﬁﬁ) r&LO Pﬁégﬁ)egéé%m?yéj&é?é‘fafs 03280 grans of
N- phenyphenyl enedi am ne (N PPDA) was charged u.nder a nitrogen purge. 12.3

rams of polypr eneoxi de di am ne_( FPO DP, having 20an approxi mate nunber
gver age rrgl eF%:éE Vﬁﬁg%}o@i%ﬁ?ragf)m&@&re\?g?%mBWV’Eﬁ%{iﬂﬁ@é 'Ed4E same reactor
under a nit Cogerrgive Geamples G-Bagrotamis ieah@drd Asd S@kmbREeRrixa ni trogen
purge. The tor @& under a vacuumfor 1.5 hours to renobves excess
wat er. The ?%Ségaea%mf%lﬁ? tio of N-PPDA to anhydride was 0.73. The charge
nol e ratiido of FED DA to anhydride was 0.38 25 Follow ng the general

|es 17 and 18 were carried out and are al so

Sunmar | zed 40 BT SCT R B bOST 4D POy PPBERIGIHETe r sact oc

wi t h NPPBA—and pu.'im[%al kyt-ene ':'arr&{ng Pol-yrer—charge SR
o Pomer | ine 1 | AMIRE T 1 ine 1 . AMINE2 | 5 ine 2
_ Example | Charge Type Charge Anhydride Amxng 2 Type Charge Anhydride
(9) (9) Content ] g) Content
11 100 | NPPDA 1.79 0.23 " FPO DA 4000 g/mol 54.6 0.38
12 75 NPPDA 1.29 0.22 PTMC DA 1000 gimol | 125 D38
13 75 NPPDA 1.29 0.22 PEC DA 1000 g/mol 12.5 0.39
14 i 100 NPPDA 1.79 0.23 PPO DA 400 g/mol 6.468 0.38
NPPDA:.  N-phenyiphenyienediamine :
PED DA:  Polysthylene oxide diamine
15 PPC DA Polypropylene oxide diamine
PTMO DA: Polytetramethyiensoxide diamina
Table 3A: Post-ireated PolyPIBSA polymer reacted with polyoxvalkyiene diamine
: Polymer . Amine 1 CMR Amine 2 CMR
Example | Charge Amine 1 Charge Amme‘ﬁ Amine 2 Type Charge Ammelz
() Tyne Q) Anhydride (@) Anhydride
Content Content
G 105 none nene N/A PEC DA 1100 g/moi | 32.08 0.5
H | 85 none none N/A PEO DA 2000 g/mol | 41,48 | 0.5

20 PEQ DA: Polyethylene oxide diamine

Example 15
Preparation of PolyPIBSA (Copolymer (i)
25
4005 grams of high methylvinyiidane polyisobutene having a number average
motecular 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 o &

- 59 -



(9) Amne 1 Type Amine 1 charge (9) -
Type Amine 2 charge (9) CVR Am ne

CVMR Am ne 1 Anhydride Content Am ne 2

2 Anhydride Content 16 75 NPPDA 3.40 0.23
PPO DA 400 g/ nol

(@3]

20

[
(@3

temperature of about 150°C. 588 grams maleic anhvdride and 54.14 grams of
dicumyl peroxide were fed fo the reacior. The temperature of the reacior was
maintained at 150°C for 1.0 hour afterr the maleic anhydride and dicumyl
peroxide are chargad o the reactor. The reactor was heated fo about 200°C
over a pericd of about 1.0 hour, after which a vacuum was applied 1o reduce
the pressure to 0 psia (0 Pa) whiie méintaining the temperature at 200°C. The reactor
was heid under vacuurn prassure for about 1.5 hours at 200°C. The

reactor pressure was then increased o ambient conditions and the product

was then filtered fo provids the neat proguct

Examnple 18

Preparafion of Oll Solubie Lubricating Ol Additive

75 grams of polymer prepared according to Examp!e 15 were charged io

[0}]

reactor undear a nitrogen purge and heatad (o a temperaturs of 140°C. The

charged polvmer was put under a vacuum for 45-60 minutes. in the sams
reactor, 80.7 grams of diluent oil was charged. |

340 grams of N-phenyphenvienediamine (N-P!

G

DA) was charged under a

nitrogen purge. 12.2 grams of polypropyieneoxids diamine (PPO DA, having

X Y
an approximate number average molecular weight of 400) was slowly charged

Lt}
to the same reacior under 2 nitrogen purge. The reactor was neated to 150°C

under a nitrogen purge. The reactor was put under a vacuum for 1.5 hours t©

charge mole ratio of N-PPDA 10 an

ne charge mole ratic of P=0 DA 1o anhydride was 0,38,

removes excess water, The hydrice was

rollowing the general procadurs of Example 18, Exampias 17 and 18 were

carried cut and are also summarnz=4d in Table 4



12.3 0.38 17 75 NPPDA 11.79 0.80 PEO DA 2000 g/ nol
11.05 0. 75 PPO DA 2000 g/ nol

120.0 0. 125 NPPDA:

N- phenyl phenyi enedi ami ne PEO DA: Pol yet hyl ene oxi de di am ne 5PPO DA:

Pol ypr opyl ene oxi de di am ne Exanples A-H are conparative exanpl es,
are conpared to Exanples 3-9, 11-14 and 16-18 of the present
conparative exanples were prepared by reacting one of the copol yners

enpl oyed i fypiche pdQRESSEHEFIBYLPSILAS dhddd AthpeRmal Joybakydham ne and

w t hout an ar omghhGe

whi ch
i nventi on.

. CMR . CMR
Example |- i?jggeer Amine 4 Pc\:?;r:z; Amine 1 Amine 2 Type Tt:;:j Amin_e .2
' Type Anhydride . Anhydride
g}, {9 Content (9) Content 1
16 75 NPFPDA 340 | 023 PPC DA 400 g/mol 12.3 0.38 |
17 75 NPEDA | 11.79 |  0.80 | PEO DA 2000 g/moi.] 16.0 0.10 |
18 75 | NPPDA | 41.05 | 075 | PPODA2000g/mol | 200 | 0125 |

10

20

25

30

NPPDA: N-phenylphenylenediamine
PEO DA: Polvethylene oxide diamine
PPO DA Polypropylene oxice diaming

Examples A-H are comparative examples, which are compared to

Examples 3-8, 11-14 and 16-18 of the present invention. The comparative
examples were prepared by reacting one of the copolymers employed in the
present invention with a polyoxyalkyiene diamine and without an aromatic
amine. The product of Comparative Exémpies A and B exhibited haze, when
dissolved in a lubricating oil, which is considered an undesirable quality in a
dispersant. The remaining Comparative Examples C-H formed an insoluble
gel when dissolved in a lubricating oil, which is also considered an
undesirable quality in a dispersant.

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

Example 19
Preparation of Low Molecular Weight PIB/Maieic
Anhydride Copolymer (Copolymer (i)}

3004.7 grams of polyisobutylene having a number average molecular weight

{Mq) of about 350 and a methyivinylidene content of about 78% (which is

available from Texas Petroleum Company as TPC-535) was charged to a

10-reactor equipped with agitator, temperature controller, and overhead

condenser and receiver. Traces of moisture were removed by heating to

153°C under nitrogen for about 45 minutes. 715 grams maleic anhydride and
-53-
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am ne. The product of Conparative Exanples A and B exhibited haze, when

dissolved in a lubricating oil, which is considered an undesirable quality
in a dispersant. The remaini ng Conparative Exanples CH fornmed an insol ubl e
gel when dissolved in a lubricating oil, which is also considered an

15undesi r abl e7adratry digunayi ciespeds ant 5OBybclomnawitBameEmamquéad 3-9, 11-14
and 16-18 in which th% co oI mer was reacted W e’k‘ﬁ 3 % pol o%%(aal kene

di ani ne and aWTE¥PIRALTE 1% ac@?i‘ﬁvﬁ (ﬁ"P‘PWl“IS A28 AHE G A MOt F orm a
gel . The fes“%ﬁd A, f*%d%%o& ofarhe @é@mhs% 40h=200perdunventhOncate sol ubl e
in an oil ub ricating V|sc05|ty le 19 Preparation of Low

Mol ecul ar Vi ght mRirBived e t:a?a&mﬁmraan@@ ywess. (Capesinerad FFjtedse 8004. 7

f I but.yl h M) of
Shout 350 and SR DY) BBRG EOAPERD BF ARaP 780 (WA 2R 2 BV | abl e

from Texas Peiveobedils CospanryhasreEPEe535)nsa® rehangeaatrtiand Ber eact or

equi pped with agitator, tenperature controller, and overhead 30 condenser
and recei ver . [TPRRSBlTOR FRHTSK IS WO fer‘rﬁ‘v?é“éﬁoﬁif Wl P IRGEST &3 e under
nitrogen for aboul, . gr Q&cﬂytﬁ kI g @“’anﬁ“ngm%t&rﬁggyﬁmv% t%ﬂplncré%ed 27.86
crans di cunyl "péroxide in a Yosolution wt ene were

si mul t aneousl Yo tentchecsreditrararayer 297u ol nat isredid pros 'tdﬁe*“meet eroantiydri de
and di cuny’7 per oxi de chargi ng was fini shed, the tenperature of the reactor
was mai ntdi‘ned at 153C for another 30 minutes. The reactor was heated to a
S5t enperature of about 190C for approxkEmgieliyod hour after which a vacuum
was applied to reduce the pressure to 0 psis (0 Pa) while maintaining the
tenperature at approximately 190C. The reactor was held under vacuum

pressure for a t 1 hour at 190 tar fr ur e n;reased
to anbi ent congg i95HE AP HE c%c? {]g” §%f|QILPere 0 Egr%Y/?@égtﬁE heat
product. 10 Exapphe 12@&%3%aGﬁmnoifenQ@thﬁﬁ“ﬁémpéﬁwx&d sacrconei nga t o Exanpl e

19, 56.8 grans base oil, and 17.39 grans N phenyi enephenyj endi ani ne were
charged to'a 16@@1)@‘ r@l‘?%lraéswfe‘é@t‘WQ‘“&\ﬁ?%W%’%wawm53Wa&?ﬁf’% odtced to

the reactor. %ggﬁ%fg%awosrraﬁaé edni49ma & %@@ﬂ@gu&%gaim&% tgpas

t enperature of 160C and the contents were stirred. To the reactor, 450.0
granms Pl ESA (basedommaltyivsobutiene. ﬁam-@\gsza:muﬁﬁbﬁ gawséﬁabﬁfdbml Q@
wei ght of 2300 and nmade %ccor ding to t he rocess .described. ﬁ”) rat ent
No. 6, 156, 850) Rpadoouiene having a nimbear avarags motecutar waight o1 230 a'w ma
according to the process described in U.3. Patent No. 6,158,850) was
20 charged to the reactor. To the reactor, 57.236 grams of polyathylene oxide
diamine (PE0 DA, having an approsximate number averags molecuiar weignt
of 800 and which may ba purchasad from Hunstman Corporation, Houston,
Texas, having the trade name Jeffamine® ZD-series). A vacuum was applied
to the reactor, The viscosity of the ?esumng reaction product was 252,3 ¢St (258,

mm#/s) at 100°C.

().}

Following the genaral procadure of zxample 20, Examples 21-22 wers carvied

out and are summarized in Table 5.
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70charged to the reactor. To the reactor, 57.36 grans of polyethyl ene oxide
di am ne (PEG DA, having an approxi mate nunber average nol ecul ar wei ght of
600 and which may be purchased from Hunst man Corporation, Houston, Texas,
having the trade name Jeffam ne@ ED-series). A vacuumwas applied to the
reactor. The viscosity of the resulting reaction product was 259,3 cSt
(759.3 rnmis) at 100C. Follow ng the general procedure of Exanple 20,
Exanpl es 21- 2Zahigef: @BdéteicirpkdiigtCopanthnaa reectgivmivPPizrechdi miydbabkyend.  Tabl e 5:

Pl B/ Mal ei.c Anhydr | 4 m'U'Tﬁp lLymer reacted with NPPDA and palyoxyal kyl ene

di ani ne| Exanp| &0l yer. Charge (9f"Aui ne, 1. Typewhai e ¥ocharge (9) | OWR
Amine 1 Eﬁﬁ‘?‘ﬁ'lcﬁgeoanty@wt %&?ﬁgﬁe Znyyiel | 8 ne $P@haRGeiice | @ 100°C
g g Content (@) Conient
35 842 | NPPDA | 1739 PEG DA T ET AR 259.3
600 g/mol
33 1263 | NPPDA | 108 TEGD 3547 164.0
22 71564 | NPPDA | 12.42 TEGD SE 34 1247

NPEDA: N-phenyiphenylenediaming
PEC DA poiyoxyethylens diamine
5  TEGD: tisthylene glycol diamine

Example 23

10 Exampies 5, 11 and 20, which exemplify the tubricating oil additive
composition of the present invention, were evaiuated for percent viscosity
increase using a scot thickening bench tast, which measures the ability of the
formulation to disperse and controf viscosity increase resuiting from the
addition of carbon black, a scot surrogate. Using the scot thickening bench

15 test, the viscosity of a fresh ail is measured in centistokes. The fresh oil is
then treated with 10 wi% Raven 1040 carbon black, supplied by
Columbia Chemical Ca., to form a mixture containing approximaitely 5 grams
Raven 1040 carbon black and 45 grams fresh oil (test oil). The test oil, which
contains carbon black, is then homogenized using a high speed tissue

20 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 confaining carbon black is
measured according fo metheds that are well known in the art. The percent

viscosity increase is calculated according to the following formula:

25
% viscosity increase = [(ViSee - ViSk ) {Vis,) x 100]
© ViSgner Viscosity of carben black in oil
vise:  viscosity of fresh cil
30

-55-



(9) CWVR Ami ne 2 Anhydride Content ViscositycSt @100C 20 84.2 NPPDA 17. 39
PEO DA 600 g/ nol 57.36 259.3 21 126.3 NPPDA 10.9

Using the soot thickening bench test, the percent viscosity increase calculated
for the additive compaosition of for Examples 5, 11, and 20 in a formulated oil
was compared tc a formulated oif that does not contain the lubricating oil
additive composition of the present invention. The following additives were
5 blended to make an additive package: 0.8 wt% of a metal corrosion inhibitor
and an oxidation inhibitor package, 0.2 wt% friction modifier, 0.2 wt% pour
point depressant, 83.0 millimoles of a calcium based detergent package
containing a phenate and a sulfonate, 22.0 millimoles zinc dithiophosphate,
5.0 parts per million foam inhibitor, and 6.6 wt% viscosity index improver. This
10 blended additive package was added to a mixture of basestocks which
consists of 67.0 wt% EHCB0 oil, 9.0 wi% Exxon150N oil, and 24 wt%
ExxonB800N oil (all of which may be purchased from ExxonMobil Corporation,
Fairfax, Virginia} to provide the comparative oil formulation. To prepare the
formulated lubricating oil composition of the present invention, approximately
13 7.2-wt% of the additive composition of Examples 5, 11, and 20 was top
treated to the formulated comparison oil.

The results of the soot thickening bench test are summarized in Table 6,

20 Tabie 6: Soot Thickening Bench Test Results
Example | % Viscosity Increase Sample Description

5 57.5 Post Treated Terpolymer reacied with
NPPDA and polyoxyatkylene diamine

11 2834 Post-treated PolyPIBSA polymer reacted
with NPPDA and polyoxyalkylene diamine

20 44.0 PIB/Maleic Anhydride Copolymer reacted
with NPPDA and polyoxyalkylene diamine

Comparison | > 350.0 {too viscose to measure) | No copolymer/NPPDA/ polyoxyaikylene
diamine dispersant additive,

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

increase using the lubricating oit additive composition of the present invention

‘was iower than the percent viscosity increase in a formulated oil that does not
25  contain the lubricating oil additive c'onﬁposition of the present invention, which

was too viscous to measure since the test employed only measures percent
-58 -



TEGDI 22. 17 164.2 22 156.4 NPPDA 12.42 TEGD25.34 | 124.7 NPPDA

N- phenyl phenyl enedi am ne PEO DA: poi yoxyet hyl ene di am ne 5TEGD: triethyl ene
gl ycol diam ne Exanpl e 23 10Exanples 5, 11 and 20, which exenplify the

| ubricating oil additive conposition of the present invention, were

eval uated for percent viscosity i ncrease using a soot thickening bench

e absrty T n TR kBl i TS S RO AL b g B o con
surrogat e. Usadukitdheorapeditidrhbictke prawgnbenehtiddhes tgocti itsparsanrépertés.a fresh

oil is measured in centistokes. The fresh oil is then treated with 10 wt %
Raven 1040 carbon bl ack, supplied by Colunbia Chemcal Co., to forma

mxture contajmp m&%&e%ﬁa&[ﬁw?ﬁ ngfdﬁrﬁ%naaygﬂd 19484&R HoRe vapkoardn 45
grans fresh oil (test oil est oil, which contains carbon black, is

t hen honogeni kedadsi Wi@‘icaitldlegamggé@m thiesspidt and scope thereof, only such
limitations should be imposed as are indicated in the appended claims.
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20 honogeni zer for 60-75 seconds to thoroughly m x the carbon black with
the fresh oil. The resulting test oil containing carbon black is then
degassed at 100C for 30 minutes. The viscosity of the oil containing carbon
bl ack is neasured according to nethods that are well known in the art. The
percent viscosity increase is calculated according to the foll ow ng

formul a: 25 Whif§dD jase = [(visebe - visto)/(visfo) x 1001 visebo:
viscosity of carbon black in oil vista: viscosity of fresh oil 30 - 55 -
Usi ng the soat thiaeksiniargibanairaties bil atkdivpencersitidrsgresatad hyniteease
calculated for the additive conpgsition _of for Exanples 5, 11, and 20 in a
formul ated oil wa® EERPAUE EYTRIFTT FGCHISd oi | that does not contain the

| ubricating oil additive conposition of the present invention. The
following additives were 5 bl ended to make an additive package: 0.8 wt % of
a netal corrosion(Anhi bi east ame obihedrilasingaepehymiarst or package, 0.2 wt %
friction nodifier, 0.2 wt% pour point depressant, 83.0 mllinoles of a

cal cium based det ergent package containing a phenate and a sul fonate, 22.0
mllinmoles zinc dithiopfosphaicpoiypnd? qdasihed perirad tddicen chpalpmienbatrirtar, and
6.6 Wt % viscosity index inprover. This 10 bl ended additive package was
added to a mixture of basestCBEWRSNGRBAPTBIIRTIGSts of 67.0 wt % EHCB0 oil, 9.0
wt % Exxonl50N oil, and 24 wt % Exxon600N oil (all of which may be purchased
from Exxo bil Corporation, Fairfax, Virginia) to provide the conparative
oil formulation. To prepare {the fablemst atedndndatindaticaly ehdateatgsoSi-tion of

the present invention, approximately 15 7.2 wt% of the additiv onposi tion
of Exanples 5, 11, and 20 was toﬁ”?%@éﬁ%@(yﬁ‘é apﬁﬁeorf%rt%ﬁhgf%% %ro%gFei son oil .
The results of the soot thickeni g4 iclR%d, RhQdBEEBRESehdréoTabl e 6.
20Tabl e 6: Soot Thi ckeninq Bench Test Results Exanpl el% Vi scosity I ncrease
15 (b)  atleast one 1-olefin comprising 2 to 40

carbon atoms or at least one polyolefin comprising

4 to 360 carbon atoms and having a terminal

copolymerizable group in the form of a viny,

vinylidene or alkyl vinylidene group or mixtures

20 theraof, and

(c} at least one monooiefin compound which is
copolymerizabie with the monomers of {g) and (b)

and is selected from the group consisting of:

25
(1) an alkyl vinyl ether and an ally! alkyt ether
where the alky! group is hydroxyl, amino,
dialkylamino or alkoxy substituted or is
unsubstituted, and containing 1 1o 40 carbon
30 _ aioms;

(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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Sanpl e Description 5 57.5 Post Treated Terpolynmer reacted wi th NPPDA and
pol yoxyal kyl ene diam ne 11 283 4 Post-treated Pol yPl BSA pol yner reacted

wi t h NPPDA and pol yoxyal kyl ene di ami ne 20 44.0 i PI B/ Mal ei ¢ Anhydri de

Copol ynmer reacted with NPPDA and pol yoxyal kyl ene di am ne Conpari son > 350.0

(too viscose to neasure) No copol ynmer/ NPPDA( | yoxyal kyl ene_dj am ne
di spersant additive. The results ofVEHeE Scﬁi‘gﬁﬁ?j{:}%ﬁ% gcaggq%sh!! ?%st

i ndicate that the percent viscosity 4heagaseatosisng the |ubricating oil

addi tive conposition of the present invention was |ower than the percent
viscosity increase in a fornulated oil that does not 25contain the

| ubricating oil additive conpodBii orarol-timdcarbesamids ofvaemaxyhc aglBh was
too viscous to nmeasure since the tesfegph #9flsy neasures percent - 56 -
viscosity increase up to 350% This test Indicates that the lubricating oil
additive conposition of the present invention has good di spersant

properties. (4)  an N-viny! substituted nitrogen-containing
heterocyclic compound; and
10 (5)  atleast one 1-olefin comprising 2 o

40 carbon atoms or at least one polyolefin
comprising 4 to 360 carbon
atoms and having a terminal copolymerizabie
group in the form of a vinyl, vinyiidene or
15 alkyl vinylidene group or mixtures thereof,
nrovided that the olefin employed is not the
same as the olefin employed in (i}(b);

(i) a copolymer obtained by reacting compound (i)(a) and
20 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

25 copbiymer (it) or both; or by (b) contacting copolymer (i)
or copolymer (i} or both with the non-free radical
catalyzed reaction product of compound (i)(a) and
compound (i){b) or (i(c); with

30 (B)  atleast one ether compound selected from the group consisting
of an ether polyamine, a polyether polyamine, a polyether amino
alcoho!, a polyether amine thiol, and a polyether poiyol; and

(C)  atleast one aromatic amine selected from a group consisting of
N-aryiphenylenediamine, aminccarbazole, amino-incgazolinene,
aminomercaptotriazole, aminoperimidine, and
aryloxyphenylensamine.

12
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It is understood that although nodifications and variations of the

i nvention can 5be nmade wi thout departing fromthe spirit and scope thereof,
only such limtations should be inposed as are indicated in the appended
claims. WHAT IS CLAIMED IS: 1. An oil-soluble lubricating oil additive
conposi tion prepared by the process which conprises reacting (A) at |east
one of the fall ovihfglubﬁpailn)@n@?%@di’@‘dﬁac%@ﬁéﬁ‘?ﬁﬁr"fGgﬂ'ﬁi'iné@"eﬁ?mg? ee radi cal
copol yneri zation of ¢o S..G LS NG s ok @R RRCare
nonoet hyl eni cal | ycq.Pﬁiyﬁrﬂgﬁ@ﬁf %8g%6'§0h{r%éggo88§€%?c é?iﬁd or ester thereof,
or C4-C28 di car boxHib&eaaiith thambydréaeadical estayzacdeaction piB{us) at | east one

l-olefin conprising 2 to 40 carbon atong or . at .|east. one pol yol.efin
conprising 4 to 36@“@%¥M%HX%l@H%CQHHOHQSﬂ&&)QngFﬁFHQF;%8‘%F%ﬁgrizable
group in the for ' , vinylidene or alkyl vinylidene group or

m Xt ures Othereg}@%g§g¥?g¥&at | east one nonool efin conpound which is
copol yneri zable with the nononers of (a) and (b) and is selected fromthe

group consi sting . 25, an.al.kyl vin 2t he ¢ et her
ohere o al Byl araadrie AR s R o R e R B ed e
substituted or is isybstéki 84, stiadcapband(Boish paydiBecaclgamineOat ons;

an al kyl am ne and an N al kyi am de of a
(2) | kyl ' d N- al kyi am de of
10 4. The lubricating oil additive composition of claim 3, wherein the
polyether polyamine is a polyoxyalkylene diamine wherain each

alkylene unit individually contains from 2 to 5 carbon atoms.

5. The lubricating oil additive compasition of claim 4 wherein the
15 oxyaikylene moiety is oxyethylene or oxypropylene, or mixtures
thereof.
8. The lubricating oil additive composition of claim 5 wherein the polyether

polyamine is polyoxyethylene diamine.

20
7. The lubricating oil additive composition of any one of the precading
claims wherein the copotymer is copoilymer (i).
8. The lubricating oil additive compesition of any one of claims 1 to &
25 wherein the copolymer is copolymer (ii).
8. The lubricating oil additive composition of claim 8 wherein copolymer

(if) is polyPIBSA, obtained by the free radical catalyzed reaction of
maleic anhydride and polyisobuiylene.

10.  The lubricating oil additive composition of any one of claims 1 to 8

wherein the copolymer is copolymer (iif).
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nonoet hyl eni cal | y unsaturated nono- or dicarboxylic acid of 3 to 10 carbon
atons where the al kyl substituent contains 1 to 40 carbon atons; (3) an
N-vi nyl car boxam de of carboxylic acids of 51 to 8 carbon atons; (4) an
N-vinyl substituted nitrogen-containing heterocyclic conpound; and 10(5) at
| east one 1-olefin conprising 2 to 40 carbon atons or at |east one

pol yolefin conprising 4 to 360 carbon atons and having a term nal

copol yneri zahle g

Vi pyl | dene- grdup or SiBaldE of REBLSE orthchiion ¥ i FRIRIPRAZBIINNS a1 s
not the sane as thamigd BfNangppdoyecediam(itd.b); (ii)a copol ymer obtained by
reacti ng conmpound (0O(a) and 20conpound(i)(b) in the presence of a free
radical initiator; (H)a copolyner obtained by (a) reacting conmpound (0(a)
W th compgund(i) T*%195nc(a%g)on'éad%w@%r%@ﬁhé@ef s aatatsrepcngeact ion in
t he presence of copol yner ymer (ii1) or both; or by (b)
contacting copol ymaaryﬁpi‘)ermen@dmmlym R@h@ny mwlwmmm@ non-free radical
catal yzed reaction product of conpound (D(a) and conpound (0(b) or (0(c);
with 30(B)at | east one ether conpound selected fromthe group consisting of

an ether pol ygn nerheauBﬂéé}tﬁbhﬁl%d@Qﬂl%ﬂ@@mgoa%@@lf ¥ey bae omapraabgiobol , a

pol yether amno thiol, and a yet her g and C at | east one aronmatic
am ne sel ected f rm*ﬁlalsgﬁféﬁjﬁf%@ﬁ?%%ﬂ%@) COPO*Vmef L polyisobutens
10 having a number average molecuiar weight {(M,) of 2300.

14.  The lubricating oil additive composition of any one of the preceding

claims wherein (i)(a) is a dicarboxylic acid, anhydride or ester thereaf.

15 15.  The lubricating oil additive composition of claim 14 wherein whersin

(i(a) is maleic anhydride or ester thereof.

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

claims wherein the monoolefin of (i)(c) is a 1-olefin.

20
17. A lubricating oil composition comprising a major amount of an oil of

lubricating viscosity and a minor amount of the lubricating oif additive
compesition prepared by the process which comprises reacting

25 (A)  atleast one of the following copolymers:

i a copolymer obtained by free radical copolymerization of
componants comprising:
30 (a) at least one monoethylenically unsaturated C:-Cag

monocarboxyiic acid or ester thereof, or a Cs-Cos

dicarboxylic acid, anhydride or ester thereof,
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35N- aryl phenyl enedi am ne, am nocar bazol e, am no-indazol i none,

am noner captotriazol e, am noperim dine, and aryl oxyphenyl eneam ne. 2. The
| ubricating oil additive conposition of claiml, wherein in copol yner
(tii)(b), said copolynmer (i) or copolyner (ii) or both are contacted with
the non-free radical catalyzed reaction product of _corrpou%? gI? a) and
conpound (i)(b) or (i)(c) iB)the&t rassoned -oETscompsHRE < [0 c3P%he

| ubricating oil additive conposifi f Preseding clains,
wherein the ether conpound (B) iéstb'geé’&aﬁ%sé?ﬁ%é’ﬁ)’é’qnﬁ‘e. 1%4. Tgﬂe

| ubricating oil additive conposi4 icodb®taroaiatoBs anderaiimg & henpoalyet her

pol yam ne is a pol yoxyal kyl ene di am ne wherein each_alkyl ene unjt

i ndi vidual |y contains from2 to %P8 F‘B%W%%&E“péﬁ%%f?‘ﬁbﬁ]%w%g oi |

addi tive gonposition of claim 4 nhaidang drhidid SewVa@dhy hene drhRiles S

oxyet hyl ene or oxypropyl ene, or mXtures thereof. The |ubricating oil

addi tive conposition of claimb5 igeadi and he pol yet her pol yamine is

pol yoxyet hyl ene diamne. 70 7. The lubricating oil additive conposition of
any one of the preceding clainms wherein the copolynmer is copolymer (i). 8.

The lubricating oil additivg)conposhit @fc eionablefianengfowckiaiiish k to 6
75wherein the copolyner is copolynmer (11). The |lubricati n% ai | adq?]ig)éi ve

conposi tion of claim8 wherein c%%?ﬂimfiz%i?‘ﬁ)"\’i’ihsﬁhﬁcfﬂ?@@%r ,Of_égi ap by t he
free radigal catalyzed reaction gfy @égb&e@qw%éﬂ&ﬁ@%ﬁgﬁhé(&ut yl ene. 30

10. The lubricating oil additive conposition of any~ on ains 1 to 6
wherein the copolyner is copol yner

(1) an aky! vinyl ether and an allyl alkyl ether
where the alkyi group is hydroxy!, amino,
dialkylamino or alkoxy substituted or is

13 unsubstituted, and containing 1 to

40 carbon atoms;

(2) an alkyl amine and an N-aikylamide of a

monoethyienically unsaturated mono- or
20 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

25 of 1 to 8 carbon atoms;
(4) an N-vinyl substituted nitrogen-containing
heterocyclic compound; and
30 (5) at least one 1-olefin comprising 2 o

40 carbon atoms or at least one polyolefin
comprising 4 tc 360 carbon
atoms and having a terminal

copolymerizabie group in the form of a vinyl,
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11. The lubricating oil additive conposition of claim1l wherein the
aromatic amne is N-aryl phenyl enedi am ne. 12. The lubricating oil additive
conposition of claim1l1l wherein the N-aryl phenyl enediamne is

N- phenyl phenyl enedi am ne. 13. The lubricating oil additive conposition of

any one of the preceding clains wherein conpound. (I. ‘lé% of copolymer (i) is
pol yi sobut ene 10havi ng a number ayé’?yi'agnﬁ&r ‘é{P‘Wéﬁg Brc{%’n?'pof 2300. 14.

The |ubricating oil additive conposixiires tredMproiBedindihie Rigredi ng cl ai ms
wherein (0(a) is a dicarboxylic acid, anhydride or ester tﬁereof. 1515. The

| ubricating oil additive conpositigsnployedisanohthe ssies es thavblefiei n (0(a) is
mal ei ¢ anhydri de or ester thereof. ...Ihe lypricating oil additive
conposition of any one of the pre(%'ﬁ%e@frhbﬂgf'V\herei n t he nonool efi n of
(i)(c) is a 1l-olefin. 20 17. A lubricating oil conposition conprising a
maj or anmount of an il of lubricating viscosity and a m nor anount of the

| ubricating oi |l addiitive RRNEBEE P%ﬁ@lrtﬁdabpsarwﬁblg qqmwmic(é)ié@) ad ch
i ting 25(A '- i wers; (i
copol yrer obtat ned by 1 comnsSABEI fis S R8eho pPR IS SRRA KES: (')

conprising: 30(a)at |east one nonoethylenically unsaturated 03-C25

nonocar boxyl i ¢ aci (El..or ester thereof, or a 04-028 dicarboxylic acid,
anhydride or ester (fther 8ftoPolyrpsr abtainagdshy Ghdeacieeompesnpii@ ng 2 to 40

carbon atons or at Ieaswm%rﬁg&y@%ﬁgbgpgwﬂﬁs% ﬁgnﬁreteoragﬁ%car bon atons

and having a term nal copolyneriz e form vi nyl ,
5vinyl i dene or al kyl vi ogtaly=deregictop imthenpresenes of b@gﬁ@fbﬁ'fer andr (c)
at | east one nonool efin con&oun - Whi cf} IS cogt(l))l ynerizable with the nononers
of (a) and (b) 10and i s BBPYBIREAI¥PRRERE BY BuiFrbacing Ganphaper (i) an al kyl
vinyl ether and an allyir 8bk3lynfr i 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 selected from the group consisting
of N-arylphenylenediamine, aminocarbazole, amino-indazolinone,

aminomercaptotriazole, aminoperimidine, and aryloxyphenylenamine.

18.  The lubricating oil additive composition of claim 17, wherein in
copolymer (iii)(b), said copolymer (i) or copolymer (ii) or both are
contacted with the non-free radical catalyzed reaction product of
compound (i)(a) and compound (i)(b) or (i)(c) in the presence of
component (C).

19.  The lubricating oil composition of any one of claims 17 to 18, wherein
the ether compound (B) is a polyether polyamine.
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where the al kyl group is hydroxyl, am no, dialkylam no or al koxy
substituted or is unsubstituted, and containing 1 to 40 carbon atons; (2)
an al kyl am ne and an N-al kyi am de of a nonoet hyl eni cal ly unsat urated nono-
or 70 dicarboxylic acid of 3 to 10 carbon atons where the al kyl substituent

contains 1 to 40_carbon atons; iyl car, 1+ge nefvegdrboxyl i c
acids 250f 20to '§h%&.&55ﬁ%g$ gﬁrfgg ﬁgﬁhﬁk\éﬁ?%yf@s\ﬁ%?mtutgg vt

ni t r ogen- cont ai nhggaﬁﬁﬁ@rsogfs@ﬂybﬁym@mdtﬂamiaadvm(eB%)ea@h aledgne et 1-ol efin
conprising 2 to carbon atons or at | east oggqrﬁol yol efin conprising 4 to
360 carbon at ons iraiidd ballyi grgitaing Om AP SCEHBPY Yabie group in the form of
a vinyl, -62- vinylidene or alkyl vinylidene group or m xtures thereof,
provided that the olefin enployed is not the sane as the olefin enployed in
M) ; (ii)sa o%pol yiFRr iuBhEatinnesll dympesiinn nbcleBrBEUMEEIn aUREYIEne
compound(i)(b) in the presence of a free radical_.initl  (iia copolyner
obtai ned by (a) reaieh lﬁgﬁxaﬁwgeurﬁoof(%@%"%*?%*g"gr’?‘p‘gp&rﬁ%g ?‘:e?é(ob) or (0(c) in a
non-free radical catalyzed reaction in the presence of copolyner (i) or
copolymer (ii) or both; or by (b) contacting copal yner (i r ymer
(ii) or bothywi t hThdribrioatifg eicomgpeaPn @éﬁévw&frréé@?iagﬂ%ﬁ%o\ﬁﬁ%{%mof
conpound (0(a) and conp undgéi%féb Nols e WM &BIneat | east one et her
conpound sel ect edfhfarﬁﬂwei(%h%r % "?c?o‘g&c}gﬁx%mg}%%&ndiet her pol yam ne, a

pol yet herlOpoI yam ne, a polyether am no al cohol, a polyether am no thiol,
and a pol'yether polyol; and (C). at |east on o] |.C ! wsel ected
from the gro@p. combe $utiringtiog %@P}H%ﬁwfmd?%ﬁﬁﬁ%, mhsm]{ooc%?%ggﬁli,

am no-i ndazol i non am i | e, am noperim di ne, and

aryl oxyphenyl enani ?Da@?‘g?ffeé u%&yirnléegtzgghg oi | additive conposition of claim
17, wherein in copolyner (iii)(b), said copolynmer (i) or copolyner (ii) or

both are contacted with the nan-free.radigcal . i igduct of
conmpound (0(334.aan@deBEﬁiﬂ‘g(cP'?‘(%‘j‘p‘?ﬁm?rbEg?m( %%%&X%ﬁgggﬁgégwgﬁhonem

(O 13 the copolymer is copolymer (if).

55 The lubricating oil compesition of claim 24 wherein copolymer (i) is

polyPIBSA, obtained by the free radical catalyzed reaction of maleic

anhydride and polyisobutyiene.

20
28 The lubricating oil composition of any one of claims 17 to 22 wherein
the copolymer is copolymer (iii).
25
57 The lubricating oil composition of claim 17 wherein the aromatic amine
is N-arylphenylenediamine.
28 The lubricating oil composition of claim 27 wherein the
30 N-arylphenytenediamine is N-phenylphenyienediamine.

59.  The lubricating oil composition of any one of ciaims 17 to .28 wherein
compound (i)(b) of copolymer (i) is polyisobutene having a number

average molecular weight (Mn) of 2300.
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19. The lubricating oil conposition of any one of clainms 17 to 18, wherein
the ether conpound (B) is a polyether polyamne. 20.The lubricating oil
conposition of claim 19, wherein the polyether polyamne is a '

pol yoxyal kyl ene di am ne wherein each al kyl ene unit individually contains
from2 to 5 carbon atons. 521. The lubricating oil conposition of claim 20
wherei n the oxyal kyl ene noiety is oxyethyl ene or oxypropylene, or mxtures
thereof. 22.,Jhe nFiakd ' ik bAY oPk dAryaiwee 7ab 29 whemirl7 to 19
wherein the %%I yeJ{ e{Ubg‘glggi/%Oﬁg#Tg?ggI@?(?f(y,e?hyI ene diam. ne. 23. The '
| ubricating oil c(@(qudsiat&il@afb@ﬁyiwl%@Wr‘éﬁﬁrﬁteﬁh?‘@%2 wherein the
copol yner is copolyner (i). 24. The lubricating oil conposition of any one
of clainms 17 to 22 wherein the copolymer is copol

_ : i yner (id)..25, The

| ubricatifig 8l cOnpbgiridating efl compoation Ve ef%%nvnﬁ?o(#wh.egem

pol yPI BSA, obtain 5}1% agdi et ad MEethatasgct i on of maleic
anhydri de and pol @ﬂgg%ﬂgi %E\S{ﬁ%%@g#@z&ri ubricating oil conposition of any
one of clainms 17 to 22 wherein the copolynmer is copolyner (H ). 25 27. The
| ubricating ail ¢ L d.o ;folnm bh uhehebie bheadiTRld 20 ieheni S
N-aryl phenyl g’hedi iﬁ??\@&%iﬁgﬁle_ I _drg}hcj:og\ti ng ygi | conposition of claim27
wher ei n the 30N- athd proewogpledined (e ised i'isfiphenyl phenyl enedi ani ne.

10
33, A method of making a lubricating oil additive compoesition comprises
reacting
(A}  at least one of the following copolymers:
15
(1) a copolymer obtained by free radical copolymerization of
components comprising:
(a) atleast one monoethyienically unsaturated Cz-Cos
20 monocarboxylic acid or ester thereof, or a Cs-Cos
dicarboxylic acid, anhydride or ester thereof;
(b)  atleast one 1-olefin comprising 2 to
40 carbon atoms or at least one polyolefin
25 comprising 4 to 360 carbon atoms and
having a terminal copolymerizabie group in the
form of a vinyl, vinylidene or alkyl vinylidene group
or mixiures therecof, and
30 {c) atleast one monoolefin compound which is

copolymerizable with the monomers of (a) and (b)

and is selected from the group consisting of:

(1) an alkyl vinyl ether and an ally!l alkyl ether

a2
wn

where the alkyl group is hydroxyl, amino,
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29. The lubricating oil conposition of any one of clains 17 to 28 wherein
compound (i) (b) of copolyner (i) is polyisobutene having a nunber average
nol ecul ar wei ght (Me) of 2300. 30.The lubricating oil conposition of any
one of clainms 17 to 29 wherein (i)(a) is a dicarboxylic acid, anhydride or
ester thereof. 531.The lubricating oil conposition of any one of clains 17
to 29 wherein wherein (i)(a) is nalei dicdintydiriods akoxgstudrstitiied eofs. 32. The

lubricating oil conposition of any one of clai 17 to 29 rei.n the
monool efin of (i)(c) is a 1-olefin. 147840 SU&UEE?@B%%CBWEWR%S 20| ubricating
oi | additive conposition conprises reagkidiatoMsat | east one of the

fol l owi ng copol ymers: 15 COa copol ymer obtained by free radical

copol ynmeri zati on of conmponents conprising: (a) at |east one
nonoet hyl eni cal | y unsaturated 03-028 l,i.c aci
t her eof ? a 04-028 dicar boxyI| £)5a0| éﬂr@lﬁﬂfﬁlggé‘)ﬁ e@taegyi%ﬁ]é %fea (b) at
| east one 1-olefin conprising 2 to 40 reafdmhyiahiodiy ons@lirdie@siorener
pol yol efin 25conprising 4 to 360 carbon atons, and

dlcarboxyhc acid of 3 to 10 carbon atoms

where the alkyl subsiituent contains 1 o

40 carbon atoms;

10
(3) an N-vinylcarboxamide of carboxylic acids

of 11io 8 carbon atoms;

(4)  an N-vinyl substituted nitrogen-containing

15 heterocyclic compound; and

(5} at least one 1-olefin comprising 2 to

40 carbon atoms or at least one poiyeiefin
comprising 4 to 380 carbon

20 atoms and having a terminal
copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or |
mixiures thereof, provided that the olefin
empioyed is not the same as the olefin

25 employed in (i)(b);
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having a term nal copol ynerizable group in the formof a vinyl, vinylidene
or al kyl vinylidene group or m xtures thereof; and (c) at |east one

nonool ef i n conpound which is copol yneri zable with the nononers of (a) and

(b) and is selected fromthe group consisting of: (1)an al kyl vinyl ether

and an allyl alkyl ether 35where the alkyl group is hydroxyl, am no,

di al kyl am no or al kOXY(ﬁ)Ubsh'cto%@%é}roﬂtéln%wb@%bﬁr\ﬁ 65%1;3@01% Gpafahding 1 to
40 carbon atons; S(2)an al kyl am'ne and an | am de

nmonoet hyl eni cal I y unsat ur at edmporod(idb) d‘lﬁbéﬂﬁ@S@ﬂQQCOfE&:fr@e mdr@lmtia’z@r car bon
atoms where the al kyl substituent contains 1 to 40 carbon atons; 10 (3) an
N-vi nyl car boxam de of carboxylic acids of 1 to 8 carbon atons; (4) an

N-vinyl substituted ni t(lrlpge@-@gj@ﬁh@ﬂ Oitalzied\er=0 ¢y £dting ggmﬁmmmict;) f#nd (5) at

| east one 1-olefin conprisin 40 carbon atons or at |east one
pol yol efi f conprising 4 to 3‘6’@ EEPBRMND 0P oA (ARHN e es FERNTRAI

copol yneri zabl e group in th f gﬁé}
vi nyl i dene group or mxturege%(}’cyec};ﬂegfthé \rf%é\;%ﬂ(feddf é'ltj't ?3 ch{gléﬂg}ne% ed is
not the same as the ol efin "g2%etplaysdb) cotchig cofolymea ( n¢opodawm'nerobt ai ned
by reacting conpound (0(a n the presence of a free
adi oal inigtia'[rgr; (Hi()gi éogﬁ?fﬁﬁqﬁ ﬂhﬁgﬁ)ﬁfﬁ@é?éﬁg?%gcé%ﬁ% plMd (0(a)
product of compound (i){a) and compound (i}(b; or (I){c);
10 with

(B)  atieast 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 salected from the group consisting
of N-arylphenylenediamine, aminocarbazole, aminc-indazolinone,

aminomercapiotriazole, aminoperimidine, and aryloxyphenyieneamine. -

20 34. The method of claim 33, wharein in copolymer (ii)(b), said
copolymer (i) or copolymer (i) or both are contacied with the non-fres
radical catalyzed reaction product of compound (i)(z) and compound

(i{b) or {i}(c} in the presencé of component (C}.

25 35, A method of improving soot dispersancy in an internal combustion
engine which comprises operating the engine with the lubricating oil
compesition comprising a major amount of oil of lubricating viscosity
and an effective amount of the lubricating cil additive compaosition of
claim 1.
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5wi th conpound (i)(b) or (0(c) in a non-free catal yzed reaction in the
presence of copolynmer (i) or copolynmer (i) or both; or by (b) contacting
copolymer (i) or copolyner (H) or both with the non-free radical catalyzed
reacti on product of conmpound (i)(a) and conpound (0O(b) or (0(c); 10with (B)
at | east one ether conpound selected fromthe group consisting of an ether
pol yam ne, a pol yether pol yam ne, a polyksdwet am no al cohol, a polyether

am no thiol, and a pol yether polypi; and 15 (C at |east one
aromati c am ne selected fromthe group consisting of

N-aryl phenyl enedi pabf@uting0in8aaitRazNipodidNAnti Mkl 0TMEking The Same

am noner captotri azol e, am noperi mdine, and aryl oxyphenyl eneam ne 2034. The
met hod of claim 33, wherein in copolyner (iii)(b), said copolyner (i) or
copol ymer ii) t : lyzed
Fonct ) on produdt b ans B AR e BB LR SR e
presence of camumnsﬂneﬁﬁmgaZ@ﬁﬁmﬁmnBMhadkﬁﬁcmﬂpﬂmvmngpﬁmdhn@m@ber&amcy in
an internal conbustlon en i ne which conprises operating the engine with the
| ubricating oi4 conprising a major amount of oil of lubricating
viscosity and an effectlve amount of the lubricating oil additive
conposition of claim1. 30 Abstract A Lubricating G| Additive Conposition
And Met hod OF Making The Same An oil-soluble lubricating oil additive
conposition prepared by the process which conprises reacting a copol yner,
with at | east one ether conpound and with at | east one aromatic am ne.
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