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A LUBRI CATING O L ADDI TI VE COVPCSI TI ON'AND METHOD OF

MAKI NG THE SAME FI ELD OF THE | NVENTI ON 5 The present

invention is directed to an inproved di spersant

addi tive conposition that is used in engine oils; and

it is al sRIBRRLLTING GNCAPDITEVE @bwpbsmdﬁmrre

BACKGROUND OF THE INVENTION It is known to enpl oy

ni trogen cont ai nIMETHOI) OFSMAMSING WHE SeMEr gent s i n

the 10 formul ation of lubricating oil conpositions.

Many of the known di spersant/detergent conpounds are

based on the reactiQnﬁpb(anTHEMBanswngnic acid or

a E%drlde W th an am ne or polyamne to produce an
PRePea Ivenion 1§ dirgetediip am imprgiedshisnersantrAdditivgicampasition that

d%ttﬁédﬁrﬂ! iR £ 16 Wekd Bhe BlodeSAThMing 12 %ame.

problemfdcing t ubri can manufacturer

di spersancy of particulate matter in interna

conmbusti on engi ng _

particul ate nattif. il LY filter
Plt YOI oM to ef :
DESCR PTI O OF “THE ELAT[%%{ dﬁ 2 %ﬂg&éﬁdqjémeﬁfgéﬂt%% the ¢

I\f@rmelamqrrombrw@ng@lﬂo@emoaubm&a Margtdfitlge Icndmx:chsgmnt/dﬂa“gent

| Ebrctlo T R0 004Rs (R in gt Avoloufhinf peior hydride with an

Syiae gt p@}y@mm@n@ pRautOdh AkerdTsudsThingidk dAM alESP &R Mmic acid
addj tive and a dispersant additive, said corbi nation

cstrEingg by crlpctad smcyﬁl@tsmﬂrgapbm Qnecispbliemi fdeing meBBb@)ant
S SO R g S Bl

aﬁhiiure mmaooadmﬁatte |pamccxatmﬁatsdr dispaftandxh el reealt & muérq:llwggmg,

dﬁﬁf @r tergf ¥ner of a C3-Clo al pha-nonool efin ‘
cagepmyatin, gnd off Huckerwsj ugat ed di ene or triene

whi ch has been reacted with a fornal dehyde conpound

and with an am no-aromatic pol yam ne conpound. 30
Qunt her et al. DBSSREBTENOMHBMTHBAMSCI oses a

B Ry R RTCRL O L M LS T (= Y
Cboﬁﬁih@@(a’llnbﬁ)r ambOntQt aR BN Y [dﬁﬁaﬁﬁ?ﬁ@&fsﬂy %d%l rhﬁlﬁf@ﬁmunt ofa

and one nonoet hyl enically unsaturated conpound
synergistic combination of an antioxidant-dispersant additive and a dlspersant

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

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

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

formaldehyde compound and with an amino-aromatic polyamine compound.

Gonther et al., U.S Patent No. 6,512,055, discloses a copolymer obtained by
free radical copolymerization of at least one monoethylenically unsaturated
C4-Ce dicarboxylic acid or anhydride thereof; an oligomer, and one
monoethylenically unsaturated compound.
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hyldeletrrang p slagiselsti
prepared by reacting a polyolefin and an acyl ati ng

1 Gunther et al., U S Patent No. 6,284,716, discloses
a lubricating oil conposition conprising a |ubricant

oil and a copol yner obtai ned by free radical

copol yneri zation of at |east one nonoethylenically
unsaturated C4-C6 di carboxylic acid or anhydride 5

t hereof, an oligoner, and one nonoethylenically .

ur(Giatther at ald (LS Ppeniido. 608 Hiondistleses adplaricating oil somposition
L:{:E)tg‘%?irsiﬂrg%?glgnfgyed Y&é&daagqogg ygt%'ég ‘rél[r{glpig&egté ul:ail bol%ly%nerization
N I b L _ . _
£ B O TE Bk ORI iy aide
bythdreafpan alijonetr, andpat yapethglenioallpinsatwraied etmupaindgwherein the
aci dilc reagﬁlgﬁ, a ﬁ-o{ efin,.and a 1, 1-di substituted
ol°8PPI¥meRisyEhes reacteff WIthyn aiof-ae adical initiator.

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

| ubricating oil additive conposition that is the

r diestisasret pl.ddScPatet Nd. 5, 72258p ofigdleses a dispersattiterpalymer
{ t ed. b L. 1 Ll
\‘jﬁﬁ pgfyguc%ml&%{%cgg o$1ﬁ9?§§ REY 58 't??fe?&gi?&eme%{pggmer

ree ra or an succinim

priepBaingd by e adicACyPolyendtivdiaces dyinssulsdd deidietbagent, a
succi ni c acyl ating agent and a pol yam ne _ wher.ein the

I
epolslie &) the @?f‘é@gﬂe&tf RALGe &yueAl ipidator.

agent under conditions such that at |east 75 nole %of
t MBarr atabr UiSh Gatpold el sed 10 62s disdnses mthelahicating bid additive composition

P OcRr by s substy Luted. sucal o ATHLALLNG, 20, 808Nkinonytic
c %Eﬂ'aﬁﬁ@ﬁéeg} ,Iaemwim kO R1aRAMinifRo I V4 SceRhimdePrépared

reagent; 0 by reacting any unreacted pol yal kene
wiftdm e ecyclin bpdrocabd dubstiteipd suostgeanylaing ageniané d polyamine

et R B SR B Rt B iy rencing o
5, pbfybl B andGh Be 1868 et Kider Sorlitiond @hdhhki 4 @shst 75 mole % of the
et'hyl ene-al pha ol efin copol yners, wherein functjona

grstrpieg polpolgfimistcenvertsdite theriydeaspityl sebstitutgsesuccinic acylating

fungtti onal i zed copolynmer is mxed with at |east one of
arf®3mmi ne, al cohol, including polyol, anino al cohol
etc. to formmulti-functional viscosity 30 index

i mprover additive canponents. Harrison et al.., U.
peRaeEomgs al- 6L 51 DS dr e e SarIoRrs CORTBF il & pplyatkene and

UNS ki acidic reagent, followed by reacting any unreacted polyalkene with the

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

Chung et al., U.S. Patent Nos. 5,427,702 and 5,744,4295 disclose a mixture of
derivatized ethylene-alpha olefin copolymers, wherein functional groups are grafted
onto the copolymer. The.functionalized copolymer is mixed with at least one of an
amine, alcohol, including polyol, amino alcohol etc. to form multi-functional viscosity

index improver additive components.

Harrison et al., U.S. Patent No. 5,112,507, discloses novel copolymers of unsaturated
acidic reactants and high molecular weight olefins wherein at Jeast 20% of the total
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acidi c reactants and hi gh nol ecul ar wei ght ol efins
wherein at | east 20% of the total 2 high nolecul ar
wei ght ol efin conprises the al kylvinylidene isomer

‘whi ch copol yners are useful as dispersants in

irﬁ&%&ﬁzﬂ‘ \9&1% cﬁ% éogr?eér?se QI% g@%}@m\gﬁ&é{@ {eslolg%{e gra_lc% copolymers

ccrnim

adnbl 11313&163 as &Sﬁrsdnts in lhbrivatis@bilnghddubls aadalsé HRY Be usél to prepare
&NARY OF, THE | NVENTION In its broadest enbodi nent
ypesenides Aubatepest-geerd addidvpstuselihindnbricaging B}l%and fuels.

Iubrlcat|ng oil additive conposition prepared by the
process which conprises reacting (A) at |east one of

t he foll ow ng copo$ hﬁﬂﬁﬁﬂﬂ@F BN ¥BING1 r obt ai ned
nerlzatlon of, one
o Bty Bl e Bai SRRy IS RO SisB in GraTRddann pil-soluble

Uﬁﬁﬂbéﬁr@t(ﬁﬁadjdﬁl\@fo%sﬁﬁﬂ %ﬁ%)b\jrl 1th€ et vMicE&Infirises reacting
t her eof C4- C28 dlcarboxyll acid, anhydride “or

ester thereof (b) at |east one 1- ol efin conpri sing

apput 0.40 carb at.ons_ 0 at | east one polyolefin

CE ri étlI%}%St abo ?ﬁﬁ] %lgovgg%c%pé’ﬁ%?{s atons 20 and havi ng

a term nal copolynerizable group in the formof a

vinyl, vinylidene or alkyl vinylidene group or

mi xt ur @5t he perlymerphipined byafreq radisel eonelymsnigaticsr 9firomponents

conpound whj é(}ggﬁsﬁ?%(’po' ynerizable 25 with the
nmononer s of (b) and is selected fromthe group

consisting of. (1) an al kyl vinyI et her and an allyl
al kyl et her ere the al kyl group.is hydroxyl, am no,

di al kyl ani n®or #ilgaskgne @gngeal@gﬁqlﬁq}ltyé@sq;pra;eg
unsubsti tut ed, a@? C5aAbR iRy 27 BOQW: therddt, Goout 40

carbon atorms;
C4—ng dicarboxylic acid, anhydride or ester thereof;

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

and

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

consisting of:

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

about 1 to about 40 carbon atoms;
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(2) an alkyl amine and an N-al kyl am de of a

nmonoet hyl eni cal | y unsaturated nono- or dicarboxylic
acid of fromabout 3 to about 10 carbon atons where

t he al kyl substituent contains fromabout | to about 5

40 carbon at ons; +3) [ ]

carboxylic aci ds(zgf f%ga] g%ﬁ%‘%%ﬁ&%gﬁg%ﬂ ecoa{‘cr on
atoms; 10 (4) an N-vi mphodahilshichltit @daturated mono- or dicarboxylic
ni t r ogen- cont ai ni ng hets ggycllc conpound: anpd (5) at

| east one 1-ol efin coRPf PEITAR F0PB t 30 gagb %@BF’SWhefe
40 carbon atonms or at.ea8) sARGNR Jkdhd Hozﬁgﬁﬁﬁt' StoMout
15 from about 4 to about 360 carbon atons an aving a
term nal copol yneri za# earowmegomsn the form of a vinyl,
vinyl i dene or al kyl vinylidene group or m xtures

t hereof, provided that the olefin enployed is not the
sanme as the ol ef {3y enpl Ry\aAyIitAbOtankiBe of @byl aBids of from
copol ynmer obtai ned by reacting conmpound (i)(a) and
conpound(i) (b) in theahnuedénakousf carbonetonudi cal
initiator; (iii) a copolyner obtained by (a) reacting
compound (i)(a) with compound 25 (i)(b) or (i)(c) in

a non-free radi cgl) casmpNyvdey sobaitiited Ritiogeh-dentpinggeie®ocyclic
of copolyner (i) or copolymer (ii) or both; or by (b)
contacting copol ynerSqmyouwsd; @¥pol ymer (ii) or both

with the non-free radical catalyzed reaction product

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

wher ei n t he copof5yneratdéast one 1-pleifinh compising)fformabdut 2Go about

(B) at |east one et he&EQ ogrg%tag,é g;ﬂ b%?pgég@yaggngfﬁmpmmg

reacted with at | east (
esters, thereof, or diGRArdeudd loCabdhi 5 catbAShISS Biving a

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

same as the olefin employed in (i1)(b);

(ii} a copolymer obtained by reacting compound (i)(a) and

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

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

(1)(c), wherein the copolymer of (i), (ii) or (i11); with

(B)  at least one ether compound capable of being reacted with at least two
monocarboxylic acids, or esters, thereof, or dicarboxylic acids, an_hydrides or
esters thereof, or mixtures thereof; and
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esters thereof, or mxtures thereof; and 4 (C) at

| east one aliphatic conpound capable of reacting with
at | east one nonocarboxylic acid or ester thereof, or
di carboxylic acid, anhydride or ester thereof. 5 The
present invention is also directed to a lubricating
oi |l conposition conprising a major anount of an oi

o{C) ubaf least bA@al¥ilaGe SbihpoRHIaPablt BOFeadtiiiiiith af lehft Bne
lubricating  oil additive conposition prepared by the

pr ocesBIORAcEbpXyfBriIdas ssteetietcohgr ticathmxylic atidanhydmde or ester
of thegfpljpow ng copol yners: (i) a copol ymer obtained

by free radical copolynerization of conponents

conprising: 15 (a) at |east one nonoethylenically

unsaturated C3- ¢ nocar boxylic acid or ester .

¢ A BEFeRt gveniion @2*26031?@5?686% ikgicgtingoil spmpenitieecaspprising 2
embRi afnldhRTan iV 1R8ridaRAs Vi nQlaGhi g1 icati
abdﬁ?vz to about 40 géf%oébmggﬁg%g%SQ%?BE eégihgﬂgbn%mng
poil gdliare compusiidngiremaréd gmbatpootessiwhich calmptites36atting

carbon atons and having a term nal copol yneri zabl e

group in the formof a vinyl, vinylidene or alkyl

ViAY| | steaRt o S-4Re RIlloWing oRByrh&igr eof , and 25 (c) at
| east one nonool efin conpound which is copol ynerizabl e

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

an-a) GO o EERL T o b e FoaBulYqpot oiihafion §f cobffonenss

hydroxyl, asommisigh: al Kyl ami no or al koxy substituted
or is unsubstituted, and containing from about | to
about 40 carbon atons; 5

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

C,4-Cyg dicarboxylic acid, anhydride or ester thereof;

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

group or mixtures thereof; and

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

consisting of:

(1) an alkyl viny! ether and an allyl alkyl ether where the
alkyl group is hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing from

about 1 to about 40 carbon atoms;



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

monoet hyl eni cal | y unsaturated nono- or dicarboxylic
acid of fromabout 3 to about 10 carbon atons where
the al kyl substituent contains fromabout 1 to about 5

car boxyl 1 aci ds 57 11 ARARASGROR AT S Blids ot

atoms; 10 (4) an N-vi nyﬂlorﬁ)kibﬁddnidallﬁdnsamrated mono- or dlcarboxyilc
ni t r ogen- cont ai ni ng hetero%ycllc and

(5)
| east one 1-ol efin congfidffpm P'Eﬁﬂtéﬁ%ﬂbf"ﬁ lpé’a’é’@&ﬁoms where
40 carbon atoms or at ltl?eat?lk 1A 6st Qéﬂgbﬁgingﬁ% du?'l'?(gabout

15 from about 4 to about 36 car on at ons an

Sterminal copol ymeri zabK8 cgrbouptims;t he form of a V|ny

vi nyl i dene or al kyl vinylidene group or m xtures

t hereof, provided that the olefin enployed is not the
sanme as the ol efi g3)e”p|aﬁmd1n|y[ba£30}(§1mde %Qal(lﬂok%'hcaamds of from
copol ynmer obtai ned by reacting conmpound (i)(a
conpound(i)(b) in the pbesdrieabott &catbaeatomest cal
initiator; (iii) a copolyner obtained by (a) reacting
compound (i)(a) with compound 25 (i)(b) or (i)(c) in

10a non-free radi cal4)cat ah )Weegyl adefitutd diffo elﬁﬁzoﬂfa‘i’fﬁﬁ ﬁ@terocychc
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of copolynmer (i) or copolynmer (ii) or bot or by
contacting copol yner €9Pondsawdl ymer (i ) or bot h

with the non-free radical catalyzed reaction product

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

with 30 (B) at |e&9t oaeleatbae | absfiocombrishnadm abbut 2 to about
being reacted with at tWo rmnoggr boxyl j ¢ aci ds,

|
or esters, thereof, @F%" PRI ¢ 2k lepgione PRixplRiinramprising

or ' ' from about 4 to about 360 carbon atoms and having a
terminal copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures
thereof, provided that the olefin employed is not the

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

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

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

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

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

6



esters thereof, or mxtures thereof; and 6 (C) at

| east one aliphatic conpound capable of reacting with
at | east one nonocarboxylic acid or ester thereof, or
di carboxylic acid, anhydride or ester thereof. 5 The
present invention is also directed to a nethod of
meking a lubricating oil additive conposition which
conEdi sesleaqamt alighdibompolntPsdpaBeef fackiiewiinlal RWtRge
copol yners: lgﬁéj) a copol yner obtained by free )
radi cal TR¥B96% ic2sid aresist thempponairasboxybiepeidsaniydride or ester
(a) at | ¢ one nonoet hyl eni cal |y unsaturated 15

C3- C23 nonocarboxylic acid or ester thereof, or

3C4- C28 di carboxylic acid, anhydride or ester thereof;

at | east one | -olefin conprising fraom about

(b f ) t 2to ..
abouf PEESRIARSIHORISGHEC Greciad tp @aatheshel pelipe p bbricating oil additive

COEBFpSiifih &Bfamco%griﬁé%%écti%{gt 0 about 360 carbon atoms
and having a termnal coporynerizable group in the

formof a vinyl, vinylidene or alkyl vinylidene group

or mxtures. thereof:.. and (c) at | east one nonool efin
conpoun {%ttgﬂe PE&‘E&%@W}"H&F%&QHP%W 25 with the

‘10nononer s of (a) and (b) and is selected fromthe group
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consi sting of (1) an alkyl vinyl ether and an allyl
al kyl efiher amepadymprobtained by feoradidabedpplimeeridatiomnf cronponents
di al kyl am no r%.rlfo,xy - 30 substituted or is
unsubsti t ut ed, 2hd %ontaining fromabout | to about 40
7

car bon at ons;
| (a) at least one monoethylehically unsaturated
C;-Cag monocarboxylic acid or ester thereof, or

C4-Cyg dicarboxylic acid, anhydride or ester thereof;

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

alkyl vinylidene group or mixtures thereof; and

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

-consisting of:

(1) an alkyl viny! ether and an allyl alkyl ether where the
alkyl group is hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing from

about 1 to about 40 carbon atoms;




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

nmonoet hyl eni cal | y unsaturated nono- or dicarboxylic
acid of fromabout 3 to about 10 carbon atons where

t he al kyl substituent contains fromabout 1 to about 5

carbowyl 1 aci ds 57 17 on ) AHpESRREATAS ligs o,

atons; 10 (4) an N-vi nyionstihglehichllednsaturated mono- or dicarboxylic
ni trogen-contai ni ng heter OC%I i C conpound'i and (5) at

| east one 1-ol efin conpfi& HGm #honi dlsbrhouplq earhemafoms where
40 carbon atoms or at 't}?eaﬁl%yi@Hﬁstiﬂ%ﬁqi’é’dnﬂih@fr&@'@ﬁmﬁ {¥%bout
360 aving a

15 from about 4 to about carbon atons an

Sterm nal copol yneri zabKe cgnbouptonss; t he form of a vinyl,

vinyl i dene or al kyl vinylidene group or m xtures

t hereof, provided that the olefin enployed is not the
same as the ol efi gB)e”plaﬁ)Wny]BaJ@bimhé 0P QarbdiylicBcids of from
copol yner obtai ned by reacting conmpound (1) (d) and
conpound(i)(b) in the pbasdreabat Szarthonatomsi cal
initiator; (iii) a copolyner obtained by (a) reacting
compound (i)(a) with conpound 25 (i)(b) or (i)(c) in

10a non-free radi cal4)cat ah Nzddylrsepsitied nitfbg&ﬂ%oxﬂhﬁ&@l%@emcyclic
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of copolymer (i) or copolyner (ii) or both; or by (b)
contacting copol yner §mp@ndedbl yner (ii) or both

with the non-free radical catalyzed reaction product

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

with 30 (B) at |eéfdt omdemst bwr 1-okfipeongrisiapdivhe alefut 2 to about

being reacted with at | east two nonocarboxylic acids, ..
or esters, thereof, or4@?"’6&?%@?%%*‘%}@?5&@?3Hﬂﬁ?lﬁﬁpég@mlsmg

or ' from about 4 to about 360 carbon atoms and having a
terminal copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures
thereof, provided that the olefin employed is not the

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

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

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

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

(B}  atleast one ether compound capable of being reacted with at least two
monocarboxylic acids, or esters, thereof, or dicarboxylic acids, anhydrides or
- esters thereof, or mixtures thereof: and

8




esters thereof, or mxtures thereof; and 8 (C) at
| east one aliphatic conpound capable of reacting with
at | east one nonocarboxylic acid or ester thereof, or
di carboxylic acid, anhydride or ester thereof. 5
Accordingly, the present invention relates to
mul ti-functional lubricating oil additives which are
useCil  as ladbtsne ntipiitis compaiind Gipeblo aF reabiisith 8least one
engi ne. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 While
the i nveReOSAOPEYI asidqyiastsr Bereofandiarhoxybie peid.cahydids or ester
and al t gpgaid ve forms, specific enbodi ments thereof
and are herein descrlbed in detail. It should be
5understood however, that the descrlption herei n of
peci fi nts Is.not inten

" PSSRPI R e B e BT P u-bencBen] osisetiopoil additives
t heviGeHAre Rl astcfi'ﬁ)ei‘sﬁﬁt% i blpﬂltéﬁaltcgmggﬁfdh éﬁgine
modi fi cations, equivalents, and alternativés falling
within 15 the spirit and scope of the invention as

ol | owi ng t er RRETRTHE BERCRY !
fol | owi ng ter%) ug¥5%og§{ Hzéﬁ%@&@ﬁ@@?lned

10as Whibdthe id@nilbieistsasoaptitit B virbud hoadiRaaMsHntd ARetnBlive forms,
pol yi sobutene. The term "PIBSA" is an abbreviation for

'polsg)f?% embadimenss thestof padprgthprein desetibeccin dgtaily Hisheidd be
eSS IRLUEL TR o£ LSRR Pl SRBBIERR s o

vvh nrﬂbnchdeo bogtahy investicof top]&l pﬁrﬁ@b&ﬂfﬁﬁﬁs diBtloskd, but on the contrary,
no ethxlenlcally Ensaturated C3- C28 nonocarboxyllc
ac I 1Nty isrto cowr g modgficaiorsy equinalgpts.ang gltgmatives falligg within
15 anfedhisiandc to?'ihélh%n%‘af\ a%éfﬁ[%g%g\{ﬁe &g)r E@@ﬂyc#lalg{sou PS,
preferably succinic 5 groups yi'sobut'yl "groups.
The preferred polyPIBSA is a copol yner of
potﬁﬁs %%tene and mal ei ¢ anhydri de having the genera
fo 00
The following terms used with the description are defined as such:

20 The term "PIB" is an abbreviation for polyisobutene.

The term "PIBSA" is an abbreviation for polyisobutenyl or polyisobutyl succinic
anhydride.



12 14 CGCRL R3 n wherein nis one or greater; R

R2, R3 and R4 are selected from hydrogen, nethyl and
pol yi sobutyl having at |east about 8 carbon atons,
preferably at |east about 30 carbon 10 atons and nore
pr r S
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AR LS o S AR i R

aI t
G S s B S 0L A Gy L pRHGEY fcic

rogen one

5. cer&vpscar@-mlwqbrutyo grouper Biaprofeard pﬂyﬁf%A rmbeqwnuemloy

10

15

20

"l -olefin" refers t
t he doubl e bond in the 5 1- position. Theyncan al so be

CaIvJ Fen% E’J@he oregfr ?esfj Rl, ? s l&4hare s&ecte&rox% hydrogen, methyl and

se rom 0 C i Sti

> BBlfEbylehg Thd BB SSaiRER e e edtebiiin o
succini c anhydrlde
meant to include al/koyy of forom ghout Ito
carbon atons, 20 pfefer
carbon atons. The jterm"” rizhation

roup. The term"-- O -alkyl" is
bout 40
about 8

refers to the a ctural
units in the polyrner chain. 10 The term|'tefpol ynmer"
refers to a polyney derived fromthe fr%@ radi ca
copol ymeri zation of at |east 3 nonongrsTHe term

in that has

a nonounsat ur at ed ol

struc
polyisobutyl having at least about 8 carbon atoms, preferably at least about 30 carbon

atoms and more preferably at least about 50 carbon atoms wherein either R; and R,
are hydrogen and one of R3 and Ry is methyl and the other is polyisobutyl, or R3 and
R4 are hydrogen and one of R, and R; is methyl and the other is polyisobutyl. The
polyPIBSA copolymer may be alternating, block, or random.

The term "succinic group” refers to a group having the formula:

0

i
-—(IJ—C—"""W
—C—C—2Z

"

0]

wherein W and Z are independently selected from the group consisting of --OH, --Cl,
--O--alkyl or taken together are --O-- to form a succinic anhydride group. The term "--
O--alkyl" is meant to include alkoxy of from about 1 to about 40 carbon atoms,

preferably from about 1 to about § carbon atoms.

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

structural vnits in the polymer chain.
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CHZ = CHR where Ris the rest of the ol efin npolecule.
The term"™ 1, 1 -disubstituted olefin" refers to a

di substituted olefin, also called a 10 vinylidene
olefin, that has the follow ng structure: CHZ = CR5 R6

whe{ el n and R, are fhe sane or, di.f.ferent, an

contf I TerprlameRgBles oy Feolges R it froBt B ree Fafica
Pr el ghéryzatibh b8 1ed30 3 Mhordghedrs @ Nethyl group, and the
other is not. 15 The term "succinim de" is understood
inthe art to include many of the amide, inmide, etc.
SP§fik RSmWhL Q&Hf".rrgfe?é t%oanxglgﬁ%gatBYatetdhﬁﬁﬁne At fg]a%%@ Iio@le bond in the
succl ni ¢ anhydride with an anm ne. e predon han

5 pr dgosition TThwe\cah alsb be sultal aphd-oclefiag) dnd hive the felldvdsg structure:
been generally accepted as neaning the product of a
reacti on of an al kenyl - or QHR)TICH ubstituted succinic
acCfleRR BNRY ki SEhM joe. Al kenyl or alkyl
suchninidesﬂ%O arg%gﬁggﬁggg%@in numer ous references
and are well known in the art. Certain fundanental

t s, of ,succininmdes apd related materia

BB L] By hebieEetERe el o L Jesin g called a
10 t aviabliddne oléfi, HAeh& he Mlfowine HPonf@s; 3, 018, 291

3,024,237, 3,100,673; 3,219,666; 3,172,892; and

3,272,746, the disclosuresCoh=iReRs are her eby

in rate ref erence...25 The term. |
- pATGERIR it HeCPERIR il nd GoMime e apstef o olgfn
sumolcsiile. Pigfedatily CihieAR NbHR; BARALHPEITow, aAd 8 cihdrienotl |
The term "al kenyl or al kyl succinic acid derivative"
refers to a structure having the formula: OHII R 7-

15 1 THe ferm MafceltiMde! is understood in the art to include many of the amide, imide,

etc. species which are also formed by the reaction of a succinic anhydride with an

amine. The predominant product, however, is succinimide and this term has been
-generally accepted as meaning the product of a reaction of an alkenyl- or alkyl- |
substituted succinic acid or anhydride with an amine. Alkenyl or alkyl succinimides
20 are disclosed in numerous references and are well known in the art. Certain .
fundamental types of succinimides and related materials encompassed by the term of
- art "succinimide" are taught in U.S. Patent Nos. 2,992,708; 3,018,291, 3,024,237,
3,100,673; 3,219,666; 3,172,892; and 3,272,746, the disclosures of which are hereby
incorporated by reference.
25
The term "polysuccinimide” refers to the reaction product of a succinic

group-containing copolymer with an amine.
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O wherein R7 is selected from hydrogen, nethyl and
pol yi sobutyl having at | east about 5 8 carbon atons,
preferably at |east about 30 carbon atons and nore
preferably at |east about 50 carbon atons; wherein L
andhMi@he al NS cY i ;
consi st ngl Hg? %C]—I %d-cénﬁc?@%a&%mﬁ&%%%%%th here the
ardormudp:. to forman al kenyl or al kyl succinic
anhydride group. 10 The term "al kyl vi nyl i dene" or

"al kyl vinyli dene isoner” refers t an ol efin having
the follow ng vinylindene stuctlre: CH2 /RO

wherein R8 is al kyl or ststi¢tutred arkyl. R8 generally
has at | east about 5 carbon tons, preferably about
30 carbon atons, and nore pHeterably—mt | east about 15
50 carbon atons and RO is | ower allkyl of from about 1
to about 6 carbon atons. The terin"soluble in
lubricating oil" refers to the abrlity of a nmaterial

t o “FEEORE selpcted fippHidregcantrethy bt pdyisgtitylduvingras least about
SUgRa®Sn hidhls! g%ﬁ"#ﬁlgy ?Jé frerﬁnst,%ho&t%l c rl:l)or:])uaﬁ(z?%se ntC, lgllﬁlfcy pr%%elrably at least

proportions. I'gh nol ec

ol eliduh SO carbbe aenispwhiefr Dand Mare iaddpendueally ¥Elettze Som the group
olefin hagég a residual unsaturation) of sufficient

nof EEHIEE Ot Shr-qnuocﬁathoq takent teeether are ndP-s bs) 19| antajkeny! or
| NajkcbiRRdEAE bt aRidk ofRypt hei r reaction products.

Typigglfy ol ef’i ns ﬁé@?ng about 30 carbons or nore
suffice. 25 12 The term "hi gh nol ecul ar wei ght

polyal kyl,".. refers tq paql kyl..groups of sufficient .

no eec{?rrér a]\l,%ﬁ 5}#1%5%& H.Et ﬁ‘ﬁ"t'ﬁ@dgﬁ%‘a £5 rﬁé@dﬁ@éd’leﬁn having the
hafollBgifpGhyisdehé sih@Rlre™ol ecul ar  wei ght are sol ubl e

in lubricating oil. Typically_these high nolecul ar

wei ght pol yal kyl groups hav Ha | east about 30 carbon
atons, preferably at |east a Q carbon atons. 5

These hi gh nol ecul ar wei ght | yal kyl groups may be

derived from hi gh nol ecuIRzV
8 Rg

wherein Rg is alkyl or substituted alkyl. Ry generally has at least about 5 carbon
atoms, preferably about 30 carbon atoms, and more preferably at least about

50 carbon atoms and Ry is lower alkyl of from about 1 to about 6 carbon atoms.

The term "soluble in Jubricating oil" refers to the ability of a material to dissolve in
aliphatic and aromatic hydrocarbons such as Jubricating oils or fuels in essentially all

proportions.

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

about 30 carbons or more suffice.

12



wei ght pol yol efins. The term"am no" refers to
-NR1OR1lI wherein RHO and R11 are independently
hydrogen or a hydrocarbyl group. 10 The term "al kyl"
refers to both straight- and branched-chain al kyl

e BB B BB oE Y ol L 6s i Pyl sxadps ot Siificient
P eiothety BEIZRRG K (BRI EpHpAEN A6 o GE YRS ccular

Typi cal | ower al roups I nclude, for exanple,
mmght argtspipble in hﬁxrmpiymg 01|'E stpraqaﬁy these htghtrycblecular welght polyalkyl

grolepim\fe att Ileﬁlg%t%é?tr% cg@tfe nta?{%l}\is Ip?‘?fg? E)P);Séitl%isg F é(i)/ Fargon atoms.

5 g  higse thiv mb]%cﬂ@tn@élghﬂ pblﬁé@kyl\ge@hﬁs ey} belkidived 8bintigh molecular

whi ch are Lymers or copol yners of nono-ol efins,
paP@%%%P@V@?lwinnno 20 ol efins, such as ethylene

propyl ene, butyl ene, and the i ke. Preferably, the

nmono ol efin enployed will have from about 2 to about
24Thatcborfamimitscfennd -WR®R; whaterRlayd Ry @simleperidently bydrogen

aboutlaéiz c%on atons. More preferred nono-ol efins
i n® UGV ISEM®:  butyl ene, particularly isobutylene,

101 octene and 1-decene. Preferred, polyolefins

15

20

25

ared from such nono-ol efins i ncI ude pol ypropyl ene,
25T teyh (albpk refessge botil dtypight] andswimechedrehaid 3lkFhgroups.
Lubricating O 1 Additive Conposition One enbodi-ment of
the present invention is an oil-soluble |ubricating

oi The@gh'lover a&?ﬂ'ﬁ@ﬁkétb%!kgﬂ’ Fﬁﬁl@"s agviRY flohfatuP e ‘?&ﬁ)out 6 carbon
whi ch conpri ses reacting at | east one of

f oMPEARG 1119519@$ pwemgf, se(cpyndaay @@%tﬂr@m ﬂil@bmune c'rmycaf josveer alkyl
f 1
a?ﬂoﬁ?é J]mglglg fééxﬂ%r I, g% %queﬁlff)@gﬁ%%ep I pro g}f 9 -Qutyl, t-

rmlnmylan&mmyl li-pedityl, Dheed taad tHelékegof | or CA- 028
di carboxylic acid, anhydride or ester thereof; (b) at
| east one | -olefin conprising about 2 to 40 carbon

at PiSteRh "polyalkyl” refers to an alkyl group that is generally derived from
polyolefins which are polymers or copolymers of mono-olefins, particularly 1-mono-
olefins, such as ethylene, propylene, butylene, and the like. Preferably, the mono-
olefin employed will have from about 2 to about 24 carbon atoms, and more
preferably, from about 3 to about 12 carbon atoms. More preferred mono-olefins
include propylene, butylene, particularly isobutylene, 1-octene and 1.-decene.
Preferred, polyolefins preparéd from such mono-olefins include polypropylene,

polybutene, especially polyisobutene.
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15 at | east one polyolefin conprising about 4 to 360
carbon atons and having a term nal copol ynerizabl e
group in the formof a vinyl, vinylidene or alkyl

vi nyl i dene group or mxtures thereof; and 20 (c) at

| ea3ie I9BEARBAN RfiiRy uedowhi ch i's copol yneri zabl e

w th the nonomers o ) and is selected from

t héngremhodingem of tieipnggentfinventipn dranadikydluble hybricetisesil additive

an allyl..al kyl ether where the, 25 alkyl group is
SRS bt B edibeess hBhcoRpRoscaBnBer i t ut ed
or is unsubstituted, and containing 1 to 40 carbon
atons; (2) an al kyl am ne and an N-al kyl am de of a 30
Smokdbt hyt lenst eas pithe filowingtepblyroers- or ~ di car boxyl i c
acid of 3 to 10 carbon atons where the al kyl
substituent contains | to 40 carbon atons; 14 (3) an
N-vi nyl ¢ar box aopalgmer obtah&by fré€ragitaléopafynleriz@tiorBof compenents
.carbon atons; (4) .an N-vinyl substituted
ni t r ogen- confUNPSE het erocyclic 5 conmpound; and (5)
at | east one l1l-olefin conprising about 2 to 40 carbon
atons or at |east one polyolefin conprising about 4 to
10 about 360 cafdhon attlesssomnmionaetyignicallyameatngkedi;-Cog
copol yneri zabl e group in the formof a vinyl i )
vinyl i dene or al kKPPR9GarRAxyHeAcid gF exier thereok QF Gi-Eas dicarboxylic
t hereof, provi ded,& ' .oyed i s not the
sanme as the ol efi%ég%lll%{/}gigcqr%&%ﬂh%?’ 15 (ii) a
copol ynmer obtai ned by reacting conmpound (i)(a) and

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

15 ' af least one polyolefin comprising about 4 to 360 carbon atoms
and having a terminal copolymerizable group in the form of a
vinyl, vinylidene or alkyl vinylidene group or mixtures thercof;

and

20 | (c) at least one monoolefin compound which is copolymerizable
with the monomers of (a) and (b) and is selected from the group

consisting of:

(1) an alkyl vinyl ether and an allyl alkyl ether where the
25 alkyl group is hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing 1 to 40

carbon atoms;

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

contains 1 to 40 carbon atoms;

14



in the presence of a free radical initiator; (iii) a
copol yner obtained by (a) reacting conpound (i) (a)

“with conpound (i)(b) or (i)(c) in a non-free radical

catal yzed reaction in the presence 20 of copolyner

(i) or copol ynmer |) or b

copol ynmer (i) or & poI v1t1ﬂc'j1r%8>|;a:%18§ }V/ﬁrﬁ%y ﬁgmﬁg'af“o
non-free radical cataBy#®dnaeasti on product of
conpound (i) (a) and conpound (i)(b) or (i)(c); wth

25 (B) at |east one ether conpound capabl e of being

reacted with at | g?st wa@%ﬁ&ftﬁ%@&‘}{h{o nrﬁ—gégﬁlgiaglgh&terocyclic

esters, thereof, di carboxyl i ¢ acl ds

Jesters thereof, or m xtempaundhardeof, and (C) at |east

10
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one aliphatic conpound capable of reacting wth at
| east one 30 nonocarboxylic acid or ester thereof, or

di carboxylic aci d(S_RanhWiEés@I@n@f oﬁz?ﬂl%Bm hgﬁg‘ﬁ%ut 2]’[5 40 carbon
Copol ynmer (i) (a) The Monoet hyl enically Unsat urated

Monocar boxylic Acid ormEmB@raﬂh@%enﬁp@yokﬂncampnmygabnn4t0
Aci d, Anhydride or Est 5.1n th r.ese

i nvention, at |east ongb f%éﬁ’%ﬂ?’@ﬁﬁ?@h‘%ﬁ%? %PE{I’@JJI
C3-C28 nmnocar boxyl i Cc Iyanézabie eeduptih @hcePim oFh vinyl,

C4- C28 di carboxylic aC| , _anhydri or ester thereof
is used to prepare t heVléﬁbfiﬂD?ﬁEﬁ@i}’b‘fmﬂm{ﬂﬂmG(TH)IXWIGS

Preferably the at | eas{hel%gg &&ﬁ@&ﬁ}‘gp{%eegfﬁgstr@ww is not the

unsat urat ed C3-C28 nonocar IC aci

t hereof, or C4-C28 d|samdmxhéoleﬁﬂemgloyamhy@)(bﬂe or
ester thereof is a dicarboxylic acid, anhydride or
ester 10 thereof. The general fornula of the

preferr dl&@&ﬁb@ﬁéﬂ 185 Il -
t her eof 6?3 as 10 ovxor? ; E[:‘lll((f)éa‘(j)oy ]j%ga‘\é%ﬁé%gogﬁd@%ﬁnd Compouhd(l)(b)
in the presence of a free radical initiator;

(i)  acopolymer obtained by (a) reacting compound (i)(a) with compound
(1)(b) or (i)(c) in a non-free radical catalyzed reaction in the presence
of copolymer (i) or copolymer (ii) or both; or by (b) contacting
copolymer (i) or cof)olymer (i1) or both with the non-free radical
catalyzed reaction product of compound (i)(a) and compound (i)(b) or
(i)X(c); with

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

esters thereof, or mixtures thereof: and
(C)  at least one alipbatic compound capable of reacting with at least one

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

thereof,
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X X 15 wherein X and X are the sanme or different,
provided that at |east one of X and X is a group

that is capable of reacting to esterify alcohols, form

am des or amne salts with amonia or amnes, form
Mel@poRAldr g)W t h reactive netals or basically reacting

nmet a conpounds and ot herwi se function as acyl ating

agémt s. Thypilemiethy|enicallp d/nsatudditesl Mondhrtbxylic Acid or Ester Thereof or

--C}hyd ca e M re sents one

equi val Zj)f“ %?%QCMQ\QIA% n ‘?r?FDIiEﬁ‘% fe0dni ne cati on,
--NH2, --d, --Br, and taken together X and X can be
..0-- so as to form an anhydride. Preferably X and X

5 ar én ﬂl@dﬂﬁe&“@h“dﬂ‘f@mﬂns @dfpa@b@aw thenoefhytepidatipisinswrated GarCg

or SRoaBEbBI AR SMeP B ol B € or B¥R0i T 48 Anbrdsids or st

el mem‘ms wkeflite pﬂ:p&re@heeé gﬁl:yn%wa @polyaid piy ¥ferdbh Bk Gt least one
anh d e, Jrononet hyl , net hyl ,. nonochl or o,

eniaINbRIGNEEd G-Chi BPBSCatboHC anid phiesies tharbah er Co-Crg
an Hiégfﬂogﬂnc AiPnan c?rf[ﬁl of g%%g@gﬁls%td?gaﬂbo}l% g 1'5:1 u&n%gdm(ije or ester

mal el m ISO umari ¢ acl

H)alﬁyhmﬁydrogen mal eat es and fumar at es, dlalkyl

15
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235

fumarates and nml eates, fumaronilic aC|ds and mal eani ¢
acids; and nal eonltrlle and funmaronitrile.

Su %@E&:ﬁsre{m&%[ﬁﬁ of fhe 'i)re(féﬁec?t!l@arm%tagﬁll %ﬂ'h@ﬂhé 81]; esfer the thereof is as

unsat ur at ed di carboxylic acids or es o
abBWlows: t o 28 carbon atons sel ected fromthe group
consisting of maleic acid, fumaric acid, itaconic
acid, mesaconic agd, met hyI enemal oni ¢ aci d,

citraconic acid, ei ¢ anhydride, itaconi (%nhydride,
citraconic anhydrrg§\gnd 5 nethylenenalqg/%lanhydride
and m xtures of these g th- @pe-2e@t her,c anong which
mal ei ¢ anhydride is eferred. Ot her suitabl e nmononers
are nonoet hyl eni cal }y unsat urated T\\\

C3- C28- nonocarboxy ic acids selected from txhe group

consisting of acrylic acid, nethacrylic acid, 10
di whcrhmcx yhd X' areith; saetehyrl chﬁfmhﬂ, progided that k@t ofe 8£Kdnd X' is a

B T DA R T N T .
?nr)ﬁg%?ﬁ%oz ﬁiggxfhg% RriRRANBERSs Ivith HachAmBalodr bSLARSeMting metal
compounds and 0therw1se function as acylating agents. Typically, X and/or X' is --

OH, --O-hydrocarbyl, OM+ where M+ represents one equivalent of a metal,
ammonium or amine cation, --NHa, --Cl, --Br, and taken together X and X' can be
--O-- s0 as to form an anhydride. Preferably X and X' are such that both carboxylic
functions can enter into acylation reactions. Maleic anhydride is a preferred reactant.
Other suitable reactants include electron-deficient olefins such .as monophenyl maleic
anhydride; monomethyl, dimethyl, monochloro, monobromo, monoflucro, dichloro
and difluoro maleic anhydride; N-phenylmaleimide and other substituted maleimides,
1somaleimides; fumaric acid, maleic acid, alkyl hydrogen maleates and fumarates,

dialkyl fumarates and maleates, fumaronilic acids and maleanic acids; and

maleonitrile and fumaronitrile.
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unsat urated C3-Cl10 nono- or C4-Cl10 dicarboxylic acids
such as ethyl acrylate, butyl 15 acrylate, 2-ethyl

acryl ate, decyl acrylate, docedyl acrylate, |octadecyl
acrylate and the esters of industrial alcohol mxtures

of ofur about 14 to 28 carbgn. atons, ethyl . . .
e Pdfihes Tot &) P aGioctoishueiynaganisd dgboxytic acids o
nehilaaESs B Gbast oy 2 8IHIA Gl oth dcfecte d PRSI dtbup consisting of

mal eat e, dibutyl naleate, nonodecyl maleate, didodecyl
malr@ieieacid, fomeve peidcitaghnisrkidamssacenit agido otethjdanginalonic acid,

may.. . ( The,1-Q efin or Polyoelefin l.n the .

or i886dic £JanRHGEMEpIorideS padinl RS gpids. italanif e and
abmathyPenkmatbicahpeidedrdhix®ires 8f the@asith emeandeley,Gn&fnlgvhich
conpy i. si ng .about to 360 carbon atons and having a

4
te %?nhyéﬂ%lsﬁﬁgﬁfr‘z“&bl e group in the formof vinyl,
vi nyl i dene or al kyl vinylidene group is 25 enpl oyed.
Suitable 1-olefins for preparing copolyner (i)
c offhrer switdbicampadioers a2 hon@iiodéniddlyamsitaratelt ©36;5-monocarboxylic

pref.erably from about 6 to aboyt 3Q carbon_atons, . such
asacd%c%ﬁ?&?e‘i %%M@?P RSkt eh ey g tpethesdyli dcid,

10 C8indebtheryliclcRf, bhg1RRA%C Ger; Go8sric %}%fdglgr&geﬁ%&d antfvinylacetic
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preferabl’y fromabout” 10 to about on atons:

Pr #sfidraaising which adriiisandwnetbhcratie acitl ar: irafewedas al pha

ol efins, with nunber average nol ecul ar weights in the
range 100-4,500 or nore are preferred, with nol ecul ar

WeAgthér grbup besviRbRen&on®P1sd:,00]] alllebiters ¥ i noethylenccially
preferred. For exanple, al pha olefins obtained from

t henspipeateh Ca-Enamrnergpr Cu7Ciodigaehaatli¢ acidasuch @s pdybadrylate, butyl
t | ef | e from t about , 2 ar,bon
at et BT ot AR AR ORI AR potecy? By 1B dBH et and the

t hestees bfinduerigrabodhbl pi-ates 81 MinCbogi Ke® 28a34ebnHeThS lethy]
car bon olefins. Anot her. source of olefins is b

t he
di REVRFHIA D n-ShyIapph methsratatresylancthpcrilatss eﬁage&vbmethacrylate,
Chghdbulyl T i &Y}ﬁq ' t
I nternal” 5 o%é%ﬁiﬁéﬁgr%géég’hﬁy 0 e@ﬁﬁéelgit%&ﬂécﬁdgﬁ maleate,
i somerdckateyd madéatalapt dicotagbcyisnadeate. a suitabl e
catal yst such as silica. Preferably, | -olefins from
C6- C30 are used because these naterials are

camyer cTd 1-W14apsk Polyav@ | abl e, and because they offer
a desirable balance of the length of the nolecul ar

t dnithe pigsent invendodi Ipdst gneof-ofetfim aommpisingrabput hto 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,

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

40 carbon atoms, preferably from about 6 to about 30 carbon atoms, such as decene,
dodecene, octadecene and mixtures of Cy-Cas -1-olefins and Coq-Cog-1-olefins, more
preferably from about 10 to about 20 carbon atoms. Preferably 1-olefins, which are
also known as alpha olefins, with numberva_werage molecular weights in the range
100-4,500 or more are preferred, with molecular weights in the range of 200-2,000
being more preferred. For example, alpha olefins obtained from the thermal cracking
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nonpol ar solvents. M xtures of olefins may al so be
enpl oyed. 10 Suitable polyolefins for preparing
copolyrmer (i) are polyol efins conprising about 4 to
about 360 carbon atons. These pol yners have a nunber

S BRER faprS B alehho ah AFRAEgeRE AT ybon aoms

etif Jingthe AnofhePstuedtens al el dhekindGs iHeQipil &Resr @ﬂpbreéess which gives
branched i soners_of pentene, hexene, 15 octene and of

dé¥Ehrumbescadep slojmer Anatheresonese el plgfing isdupthe Hirperézation of alpha
oloj (zelkﬁ%' pE Eﬁsc%{%lﬁgt guéhrh% Lf)é) G0 ?(L P gopér% r'cata Jst Ilaternal

vinyl'i dene o ene group, ene
0 Ioﬂeg'mp Iammmd?y ﬂbtxﬁwdi b tlaf isdmenatibn of a@h& Oleﬁh@b{'cr%lcls@lltable

car bpn at n rtic ol i goi sobut enes,
CERAPALBER A B Bralmaph. | AIEISTo Codperosod bougtese
C N ASHRON b&ﬁm@rc%a] s)P é%ﬁ%aﬂﬂablé e%xﬁzo %%e tl?ehgg)ffer a desuable

preferred. Mxture e stat
albglenearifithdlesgthfof theemalepbler taiti aidthe solubllle_st bifthe ltm'pdlydler in

- RSB A RrS st oL flelRb mia absBdeGaCh | hor oi

i ncorporated by reference. The nol ecul ar wei ghts of
the oligonmers may be determned in a conventiona
maHide Dglygléﬁnspﬁxr wespating cepolymert @pra phlyolefiss Toraprising about 4 to

ORISRk Pl Bt e v

p(My}ﬁTfﬁom‘ et |56 it ghctit BRH®E/MITOEMHM$Es 33heseBre oligomers of
nono- ol ef i n, . et hyl ene, propyl ene, butyl ene,

| eBisns) of bileandngluting iwbutrRe.adsd byanehed isametse pentene, hexerne,
hBE’f@?@eliﬁﬂr@{d%?a%C&e %ﬁ%&gh%héﬂ)qg{e}{llnﬁ{gFgl%ﬁa\gﬁ ]'le OQ%OI'HCI' bemg

copolyners O Suc

c pmsd:r;t methe fofm o4 hinyk wm)alﬂdnetﬁdsmwmim@hdén&tgbm @ligaprdpenes and
Sﬁbut ene,, etc. . .30 The polyol efin polynmer usually
%%I‘%/EWF RS o om 2pus B oo 800 sinbem algpsrapd In particular

ablifasdicRtEhe bBRIMbE, Fdi’ e%%pﬁaé&efal &@E—A@Q@'Oﬁr@b@

preferably from about 12 about car bon atons.
1eorgisperstingd.h |Pgt¢nhﬁbe‘tﬁlﬁ2a#9%rfglbmfemﬂedf Mibgtures ef thestated

p are the,co of the prese i.nvent.i

OB YR eET® PR OB R st B her g oletins.
dOﬂfe@ BERible B PS1eti @ are MBIcABE® in U1 iPHieAURb. SOOI Rhich is herein
nol ecul es_resulting will generally contain a m xture
ocorporated by reference. The molecular weights of the oligomers may be

determined in a conventional manner by gel permeation chromatography.,

The copolymerizable polyolefin that is reacted with the unsaturated mono- or di-
carboxylic reactant are polymers _comprising a major amount of C; -Cg mono-olefin,
e.g., ethylene, propylene, butylene, isobutylene and pentene. These polymers can be
homopolymers such as polyisobutylene as well as copolymers of 2 or more such

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

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

about 175 carbon atoms.
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5 hi gh nol ecul ar -wei ght pol yal kyl groups of varying
nmol ecul ar wei ght. Al so, mxtures of copol yner

nol ecul es having di fferent degrees of polynerization
will be produced. The copolyners of the present

i nvention have an average degree of pol ynerization of
1 or greater, preferably fromabout 1.1 to about 20,
argind¥ahe&hiph afotscablr We%%ﬂ? GIGEEQQ 'l;i§ed tdQrebare the capslirhers®f the present
(c) The Mono-olefin ound present invention '
edipieaiian ane geprally ByreuYes né mdewliiwl @miwlm@f wifezentirgolecular

C % S%l’?@ggrg éﬁ?&l% nﬁ@lh}%e} {ﬁ%beggf%g Eﬁ%@lglﬁa ng’nﬁy g(%)%lﬂ I;drnlx‘rure of

thkgH mulelhr @él@ﬂpoaﬁﬂk)& Rrélps I vadylsgl m@khﬂﬁr whighte Atlshﬁ‘ mixtures
OES%XPMU |s ydr oxy am no, dial kyl ami no or
al

HOEIRe tﬂ%rtl%»%haatna different drgres of polymengationvill be prgduced.
fromabout 1 to about 40 carbon atons; 20 Suitable

nmononers include the follow ng: vinyl and allyl alkyl

eflhe cepolimaem of te bdent invelaijjndmlve hs avdragdodagreclofipohahaidation of

9 ST SLm e et Pt abl eop and LRE Sl com o

hy 0¥ 1@%¥%but 1@M NO, dlalkyanlno or alkoxy. Exanples are
met hyl vinyl ether, ethyl vinyl ether, propyl vinyl
ether, isobutyl vinyl 25 ether, 2-ethylhexyl vinyl

| v ther odecyl vinyl ether,
og(f adeﬂ?% ?qgﬁ%\%ﬂ L (di et hyl yani no) et hyl vi nyl
etrhe @resé’m(lﬂrenﬂmba;h lo@rﬁhﬂl@éﬁbhé’ Inovibél¥¢fin @bpoundeRBich ihe
corresponding allyl ethers. (2) an_al kyl am ne and an

Ncawq&warmabb with therrpensenans pa) and (b) apdhiseleeted depraithe group
ofi carboxylic acid of fromabout 3 to about 10
tons where the al kyl substituent contains
from about 1 to about 40 carbon atoms; 19 Anot her

r of popomers. conprises Cl -C4o al kyl
g 8020 an leybyzgy]‘ eéhqrdzgg aB@llﬁ]ﬁ%]é‘éteﬂW g\ﬂ;ey the glkyf group 1s hydroxyi,
unsat ugated ilfo1dmlito R BIBxy Hibstiia HAX KhdibstiRdddEnd cont
such as crﬁ)?regﬁ();ﬁ am ﬁgetﬂéa acrsyf ate, diet h)slllam noet%oﬁ aining
acryl afiem absirb litoydtzomi ﬁ@earbylh atgetshacryl ate, acryl ani de,

nmet hacryl am de, N-tert-butyl acryl am de,

SlSti?lrg

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

the corresponding allyl ethers.
(2) an alky! amine and an N-alkylamide of a monoethylenically unsaturated

mono- or dicarboxylic acid of from about 3 to about 10 carbon atoms where

the alkyl substituent contains from about 1 to about 40 carbon atoms;
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ar boxyl ic acids of fromabout 1 to about 8 car bon

M%B ‘g%lﬁfﬁyegegglﬁyﬂ ox% I c 'ac 0ds of

foI I ovm N-VvI ny
f r-Nmi&Blmhdds af mcmbenhyleﬁioahy bovanahteds; -€14cmoas- dt-dicarboxylic

| f d
N5y a8 et Tening i R ey o agrvate,
Ncﬂﬁdﬂylbmhkoﬁﬁlg}y}n@ﬁﬁ&@mt@ %cgﬁ‘kn’ﬁﬂ@ %etﬁh&@%ﬂﬂd@mﬁmg lamide,

and N-vi nyl propi 6nam d an N-Vvinyl "substitute

”'N'p@‘@bﬂ‘ymﬂﬂalm gilhwbcw@mﬂc,d\ldodwhndhamnm and N-
Og{ﬁlec%grgr%?cr% | ncludes the following: N-vinyl

conpou gen- cont ai ni ng heterocyl es, such as
N-vi nylim dazol e, Nvinylmethylimdazole, 20
N-vi nyl piﬂ rroljidone and N-vinyl caprol act am

| 3t~ @R -mea@pmntd@méparbpmdw@@bi;tofir%am(mZka@ plnyt 8 carbon

at ons % tn?st | east one polyolefin conprising from
about 0’ about 360 carbon atons and having a
term nal copol ymsri zable group in the formof a vi nyI

vi nyl i dene or al k 25 vinylidene group or
the¥eof"m0 5&#0&8@¥m9m@ﬁéﬁep@s|the§w@w5 ' -wglyaf@fbo es of
sane agahhey Rl a%fdsrbf%m 96’0%@1 't(p%l;du} 8 Rhrbordldndd Eu?ch' as N-

-ol efins conprise car bon at ons,
pref er ahiyizfoﬁnﬂmdaﬁ@uzunylmmﬂakﬁfmmﬁﬁiecNphnyﬂae&tmnxi,e N—vmyl-N-

h , d , d
2? Cczg_s e‘f@e%g‘@}?lg% ﬁgﬁgﬁg\l%ﬁy ecen &miyﬂ-gﬁme%hy prop10nam1de

Pref er apd }-inPb&Ipidiamidavhi ch are aI so known as al pha
ol efins, wth nhunber average nol ecular weights in the

range of from about 28 to about 560 are preferred,

RS P b e b Wi
al pha etdupiof %@Bﬁﬁtﬂﬂé’luﬁéﬂﬁb iR wihe NBinyt e fsdigls of nitrogen-

paraffin wax may be enployed. Generally, these al efins
range EPBanERAsteraenies, such as N-vinylimidazole, N- vinylmethylimidazole,

N-vinylpyrrolidone and N-vinylcaprolactam.

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

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

Suitable 1-olefins comprise about 2 to 40 carbon atoms, preferably from about
8 to about 30 carbon atoms, such as decene, dodecene, octadecene and
mixtures of Cap-Caq -1-0lefins and Cy4-Cyg -1-olefins. Preferably 1-olefins,
which are also known as alpha oieﬁns, with number average molecular
weights in the range of from about 28 to about 560 are preferred, with
molecular weights in the range of from about 112 to about 420 being more
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about 20 carbon atons in | ength. Another source of

al pha olefins is the ethylene growth process which
gi ves even nunber carbon ol efins. Another 5 source of
olefins is by the dinerization of al pha ol efins over

an app rﬁ}@fefrg?.?/zsotr Qﬁ#ﬁélée(,?a#alﬁ%g%herﬁ%bhﬁ?edvﬁddl ﬂﬁr}g%al cracking of

Zi egl er cat i ns are eas
obt ai ngerdffin thag maydeenipiatedoGendraliy, e ole@ihs remgefiem about 5 to

2ol or i eI Rt et s caes of Raagolefins is the
mat er i %t@lﬁfe%rowf@@x’ﬁ?@d’e%i #hick glq\?e@‘é"véﬁ’ NN RrlcBPbf olefAY. Another

because t'hey offer a desirable balance of 10 the
| engt h sefirce p€olefiheisblyahe dimdrizatiordofiaphagdé¢fuisiover an apfpropriate

the t i | ol vents, t f :
ol o | ne MR Siene® g pelp s PBEIEF Dy et P casiy
(1) Copsaiied by tBa fsbatizdtioh oTa¥phR S ]1d¥ing BaEtkuithBIecH@lyst such as
known net hods which are 15 described in the art

i ncl udistiga. Prgferatdy. Irolpfinseliomd; ioChowe upast brsanse shse matgrials are
di sclo N ' t i [€.: '

ncor paridegy Fanf af00, ARREE. W qift: FafilBlbdtance of
Pat ent thiplenfgth 69 TheinSlecBunthilemdeahe solubility. c3thPaippifmdidn

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

6, 512, awypolarsolventsnMiguiss of pishins are Alysugpieent

i nvention the copol yner reactant is a pol yal kenyl

succi ni ¢ anhydride terpolynmer. These terpolyners are

c dreperatondf Gepdheestilone of nononmers (a) to (c) as

descri bed herei Typically, the terpol yners of .this
ol gL Ay B Bikerred fomha D KEPE Fos cvpichte
OrRYAiHeA)n the afiGheludife, IRDBEAImitd MBS BoSONPRBEMNVARIch @8 disclosed in
to formterpol ymers which can be randomterpol yners
orthefallewming patents, evhpadl arerbersinonciyperatedttarrptersneerdaraigen et al.,

c ot EneRa® RHRP Rk PRNE RS EEFL BN o,

SN@bilthrRF §15 NI SRttt NoOpSl y)085s whi ch are conposed of
mononers (a) and (b) and nononers (a) and (c).
Component (a), the nonocarboyxlic acid or ester
thgy iffend bife R AEARAY 88 aRTis § pbFalkenyl
¢ R 5 P Rlenf R BIORS W PR E o BIDHEL edpie #bBlkeny
preatanialahlyydrigle edrpolaumiay dihiesteterpGhymean eretcofrippsed dfat least one of
l-olefin olefin, is. preferably polybutene.
CARPUHERL (oaé H?@%%éesﬁ%l??&-}ﬂeé?-i n, is preferably a linear
al pha olefin containing fromabout 12 to 18 carbon
at ons.

Typically, the terpolymers of this invention contain at least one monomer from each

group (a) to (¢). In general, these components react to form terpolymers which can be
random terpolymers or alternating terpolymers or block terpolymers and can be
prepared by known procedures for making copolymers. Additionally, it is possible to
form a small percentage of copolymers which are composed of monomers (a) and (b)
and monomers (a) and (¢). Component (a), the monocarboyxlic acid or ester thereof
or dicarboxylic acid or anhydride or ester thereof,, is selected from those disclosed
above, preferably maleic anhydride. Combonent (b), the 1-olefin or polyolefin, is
preferably polybutene. Component (¢), .the mono-olefin, is preferably a linear alpha
olefin containing from about 12 to 18 carbon atoms.
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21 The degree of polynerization of the terpolyners can
vary over a wide range. Preferably, the degree of

pol ynmeri zation is fromabout 2 to about 10. In
general ,- terpolynmer degree of polynerization
decreases as the polynerization tenperature 5

i ncreases. The terpolynerization is conducted in the

prEsategeeef palysittitainefitheRrfohdhdaatan Viry badr@rwide range.
Eégn¥u§§f0f ui tabl e polynerization initiators are
pOHEIRTAMY. i fsined polytnerization i Sormioyl 2 jscahony . de gsneral,
tag gr dBGEL i izati

: er{p_mk')ﬂ{rjl%/ ; | 'pé-r e%@%ﬁ%&@ g?criages as the polymerization temperature
t enttbasey.| peri sobutyrate, di-tert-butyl peroxide,

di -tert-anmyl peroxide, diacetyl peroxydicaronate and

~di cycl ohexyl di caronate, or azo conmpounds, such as 2,2’

- APRLEPbBARWEMIANS EbdRictedNE tHePrd REQ! T aTBHaIE 1S Bfftical initiator.
alone or as a mxture wth oné another. Redox

c dxapiplgsaf snitableagolmherization privgerstare Rrefide aphgouniheuch as

i N4 r_i.S eroxi.de type initiator, e.d. ,

o LB o B3 B gt oslh so P bl e FeBignoppente

| nefthueylpérisoblity Rute) di-terSORYE peréNidd, idi-Rrit MR pefixida RSty
Procedures for greparlng boly 1-ol efin copol yners
absroxydicarenaiapnd dicyelehexyltieprpnnte,) osazarepmponpds, such as 2,2’

3, : 240, . N ated by .

- P b e S o 10PNl HERE BERTL BT ariep o
usiedtht Red@par-mitidtas poly\alser . préehh Predérably Sthalisfator is a peroxide
descr.ipe a variety of initiators. 20 Copol ymer (i)

WP Aor-Ce o E-Re Poroxide dipiray) aurariferaraze bmetnigator,
ca. e RRRae ﬂg)g 3"“%,% fs. %’?%E%%ﬁ)g :bre?ﬁrir)?é)fnﬂbﬁ E@E%I(e lr:(’)ﬁolymers

which i s “descri ow. Il n- anot
e@dtso Sirrearnplef dasbigbaorie B8t PatriNenBj560,455 el 4,240 P Yo1dereby

react ant

| ERERie! R Feraeai B ethp i Ciehe e el b2 o prepare

NBRPSIRMRAXBbihGaRitschl QF dRSHIRY a {HREEM initi@fore CA- C28
di carboxylic acid, anhydride or éster thereof and (b)

at | east one copol ynerizabl e pol yner conposed of at

e e

rom abou
hawihagaiae manixeras ayRIAger (1) haGdH iatesoEbgbelddy, of from

- about 112 to about 30 5000, and having a term nal

25

30

copol yneri zabl e group in the formof a vinyl,

Vtﬁﬁ&kﬂﬁpﬁﬂ or alkyl vinylidene group in the presence

of afreeradical initiator.
In another embodiment of the present invention, the copolymer reactant is a
copolymer obtained by reacting (a) at least one monoethylenically unsaturated Cs-Cyg
monocarboxylic acid or ester thereof, or a C4-Cag dicarboxylic acid, anhydride or ester
thereof and (b} at least one copolymerizable polymer composed of at least 3 olefin
molecules of propene or of a branched 1-olefin of from about 4 to about 10 carbon
atoms, having a number average molecular weight M, of from about 112 to about

5000, and having a terminal copolymerizable group in the form of a vinyl, vinylidene

or alkyl vinylidene group in the presence of a free radical initjator.
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22 Thus, preferred copolyners of the present invention
are prepared by reacting a "reactive" high nol ecul ar
wei ght olefin in which a high proportion of
unsaturation, at |east about 20%is in the

al vV [

s e ERSIGAB of Al it o Prepiieg Sxrpting

s d‘&éacnvcé'rlng}chmlemulae ngight blefigiity &vhichRehisiesralpbitiddl of unsaturation, at
in lubricating oils and fuels, thus

| e hili y

g%‘@ﬂ%iég’lﬁﬁkt 5elkyldayidenp sonrtizoteticonr &n at ons,
preferably at | east about 50grgrbon atons and RO is a
| ower al kyl of from about Ita@j about 6 carbon atons,
with an unsaturated acidic actant in the presence
of a free radical initiator.} 40 Typically, the
copol ymer product has altepfati pol yal kyl ene and
succinic groups and hasg#n avera degree of
pol ymeri zation of | or gr@ater The%pref err ed

C okl RE and Rb hretin 4108 OB%ﬁﬁsﬁﬂIted éfl}éﬁrl:tf 'sﬁfﬁc%‘t’@haﬁrh%ngh to give
gener al 15 formula: W ZI

Réhﬁhrew%ﬂ% Biokeewle sighdlity'in am@camfegecplssrmd fedly tausl Racgenerally has at
f
{ R ICEL %) DB ARSLCH R iRt e onmd e s o

glowgr,alkyl iof froneaboit 1 @5 staues carbbl aldms, Bth alRanaitstaldd aside:
sel ected from hydraogen, al kyl of from about I to 20

absitanh i %PI?@?P%?P@#?@%%C%I@H&%I ecul ar wei ght

pol yal kyl wherein either RR and R2 are hydrogen and

one of R3 and R4 is |lower al kyl having fromabout | to

afypicaldy, thﬁa«:d;wlymd:rqrmdlmn Hast dhermatihg polysikplegb anbhvecinicagroups
and R4 ar drogen and one

e — o)

WwWei . h
ofi ,5Saaﬁ’uﬂ éeéfas‘v@ﬁﬁm{w%mqﬁg oF g#Sbhout 1 to 6

car bon at ons

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

“formula:

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

and the other is high molecular weight polyalkyl.

23




10

15

20

25

and the other is high nolecul ar weight polyal kyl. 23
Copol ynmer (ii) may be alternating, block, or random
In a preferred enbodi ment, when nal ei c anhydride is
used as the reactant, the 5 reaction produces
copolynmers predom nately of the following fornula: 0 O
0 12 14 c-c R R3 n wherein nis fromabout | to
alfpolybd (il pmey be altdryatfngphicabautrartlonn about 20, nore
preferably fromabout 2 to about 10, and R, R2, R3
and R4 are selected from _hydrogen, |ower alkyl of

f R BpATeéd dmboUiRARAU WhER ﬁf&léi’@ﬁﬁfi}‘dﬁﬁ@ isAREd B4 BRSEactant, the
mol-ecul ar 10 wei ght polyal kyl, wherein either R and
Rzeagtien nmumpahmmemmmte&ndf the followihg feemuld: ky |

havi ng fron1abou I to about 6 carbon atonms and the

ot her is high C%Iar wel ght onaIkyI or R3 and R4
are hydrogen and ry\ al kyl and
the other is hig nDIec |ght Ik . 15
Preferably, the high nDI cuI r m5|g t p yal kyl group
has at | east abodt 30 carbon atonB (““ e greferably
at | east about 50 carbon atons). fer ed/hi gh

mol ecul ar  wei ght\ pol yal kyl groups Rncl%de

pol yi sobutyl groups. Preferred polyisobutyl groups

i ncl ude those havi Rg nunber average nol edyl ar wei ghts
of from about 500 to about 5000, nore preferably from

abdercimpds fromabouit 1 R5HOUL Fﬁ}Oep@iﬁrr@biylfmm abaut Ryip abgus @Psmore
2 hy! t f
| Sl bl 2 SRR ML RRDR R P s rom

phediegée dmﬂémlSyl nyf f@hﬁﬁbd&t P @d» WRE 6 cﬁﬂﬁﬁ ratmrfdhﬂgher molecular
polybutenes whi ch are lgrepared by pol ynerization of
t

| sehaht pakyalkyh éﬂ@r% Fgﬂaﬁy med Rarage hkipgqnyangd\pae 05 B and Ry is

b 0 S T O R
exrwlqa:luha,r weightpSlyalgl enk; MakR, e h§aso460 amhdleﬂom&nﬂﬂﬁ,ls lower

anlss wliPe atior 1<high MoTeso oy sbeeliof o o

Preferably, the high molecular weight polyalkyl group has at least about 30 carbon
atoms (more preferably at least about 50 carbon atoms). Preferred high molecular
weight polyalkyl groups include polyisobutyl groups. Preferred polyisobutyl groups
include those having number average molecular weights of from about 500 to about
5000, more preferably from about 900 to about 2500. Preferred lower alkyl groups
include methy! and ethyl; especially preferred lower alkyl groups include methyi.

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. Disclosures thereof will

- be found, for example, in U.S. Patent Nos. 4,152,499 and 4,605,808, which are herein

incorporated by reference for their disclosures of suitable polybutenes.
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24 Preferably, 1,1-disubstituted olefins are used to
provi de a high nol ecular weight, oil soluble tail in

the terpolyner. Preferably the 1, 1 -disubstituted

ol efin has a nunber average M of from about 500 to

a 00. Ly rl I - di ' .

o PRt DGR AR TG Dot Dl IRAL iR, oit
medlnplevaihin the esppolpmpn Pyéfeablit the @ (ledisistibiredbdikfin hitca number
copol yneri zabl e pol yner conprises a hi nol ecul ar

hi gh
werghge Morh Eipmaboui Qi is APRVEIP00<One prviatlaHy Baal hi-gsubstituted

MB{Bhyl er,l\l@.k%ﬁﬁéﬂ)dlﬁsoﬁnﬁeﬂé Qg?m?ﬁhlﬁgﬂﬂrl@f yliggidht

ol ef I ns use reparati on e copoq yners of

~ t pelymobsigienei nventi on are 10 of sufficiently |ong

chain length so that the resulting conposition is
soluble in and conpatible with mneral oils, fuels

apekftfaBly! th& EspolifertA8leddipthi AW frid€NEhigh MRECuPr Weight polyalkyl
hi gh nol ecul ar "'wei ght ol €fin conprises at | east about
2 @oeupfwhieleistdstiséd Gbwfa high owderabir tedght olxfisi Thabigh malpeular

> Yt B TR TR RSB SR et B ion e
C oFRESLieh®Nlong 2haH Géhgih ShthaPihe Geluiting/®ingfakitioh &f sodsblaiieand
general ly m xtures of nol ecul es havin di fferent

nePBEibie witkingners! eitrd fucdnaniihe like; and4Re alkyainylidenaisorper of the

6 r I . '

BB AT Il oSN B RER0%% pnlonsHn
paoimpesitiat. Pyefirablye theatk il atylideey gober anoutiseomdedst 40%hmore
per 2 carbon atons al on%i the 20 chai.n. These branched

c Resferably gt feast 7108 of thatel alsfinEopgRpitiPRe pol yal kenes
prepared by the polynerization of olefins of from

about 3 to about 6 carbon atons, and preferably from
olSeth high adoléqubrmveighttolSins aragowtalld roixtbyenofanoreyleslrying

B i LA PR B S ALY b s sone
1110 @hin) prefeckHifly Bf RAGHNEBYarRB pef 4 L4B0H aldeiilaldngt the aRdbfand
4 carbon atonms; nore 25 usually of fromabout 1 to

apeuicularly arafomcdthantbergrhe abeut eedtianehrmer Rypprborrgtoms along the

pref.err.ed al kvl vi nyl i e ' . - d
PR R Rt Bl oo e SORRL b i dNres prepare
il i polbiiAEoR of SRARS of BOmTHAbeuES pedtioal b yarboe bentseand
hi gh nol ecul ar wei ]ght ol efins uysed to_ pr ePar e tJ1e
preferably from olefins of from about 3 to about 4 carbon atoms, and more preferably
from propylene or isobutylene. The addition-polymerizable olefins employed are
normally 1-olefins. The branch may be of from about 1 {o about 4 carbon atoms, more

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

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

more preferably the methylvinylidene isomer.

" The especially preferred high molecular weight olefins used to prepare the
copolymers of the present invention are pélyisobutenes which comprise at least about
20% of the more reactive methylvinylidene isomer, preferably at least about 50% and
‘more preferably at least about 70%. S'uitable polyisobutenes include those prepared

25



10

15

20

copolynmers of the present invention are polyisobutenes
whi ch conprise at | east about 20% of the nore
reactive nethylvinylidene isoner, preferably at | east
about 50% and nore preferably at | east about 70%

o B SRR D R RAO T mob R BwPRER i 2

pahethydolpylidune $soh{tr 6binBHsdshichigiBérbatt de b thIRRE chBPHBfHon is
conprises a high percentage of the total conposition

i descgibed i %@dPiﬂﬁntLNﬁe 4Jﬂé€2éﬁ9 améé 603,8982, 499 and
4 605, 808. 5 Preparation of Copolyner (ii) As noted
above, copolymer (ii) of the present invention is
pﬁkgﬂ#ﬂﬁbﬁg{ﬂh@&@h@ﬂ@Uan ol efin and an unsaturated
acj di actant .in t&g Qresence of a free radl%
i pseldgboverapolymer @y of gre RTFﬁénb\n@ﬁ‘&l%‘tlﬁ BF¢p@ed by reacting an
C %[h@in%ﬁran Ghéa}urht%d Q%Hﬂegﬁgnt'lﬁ‘ HaArEdeR @ of apfré ﬁﬁﬂ:ﬁ?ﬂﬁtlator The
507, which is herein i'ncorporated
r @f@ﬂ@rﬁehe preparati@mef copblymet (ii)Tik descabed mdﬂarmagn,liés Patent No.

23007 uiith Bt R Fsaatstet Puotorbe Bt 800,  The

degree of polynerization is inversely proportional to

t enper at ure. Accordlngly, for the preferred hi gh
ndlhe &achen mey hh condusisd |ay adameperature of ahowtade acgmﬁaput 210°C,

ngpéf%Xbl&?y(\%L c‘{ glg%nd(?{b ab%npfg(ﬁbufg E]efg%ef‘senc-)r H?)l%rﬁgrcfzatmn is inversely

Wpfc@;@rtio&ml torergpdratates fcBordirddy, dbicthe @agéradtt high ehdldi@ldr vRpht
r adi caI initiator are conbined in the proper ratio,

aFPAYEeYS, 15 isiadyatageous eepRIar 19V TeasHpR FRRRAFUISS
Alternatively, the reaction may be conducted in a
solvent. Suitable solvents include those in which the

r dae teanticon magbé cerlucadineal thanist bath die ldple noddcubir evedghd olefin,

i ncl.ude aceto t et r.ahydr.of uran, chl oroform

B TERRLAL AR dise AR RS, PR RSB A PTpgeaties and then
C blipé PR MZRARiont¥h él’ﬁﬁlre or the Iike. After the

reaction is conplete, volatile conponents nmay be

strlpped of f. When a soI vent is enployed, it is

jBf it l,% thgreergtgwgéf may oe t (Elid&lc Cl}é%rgt I?FB hgmgeﬂ)?fg %'Io xtreélrﬁ include

_ t moseﬁﬁmileh Hefrb&dtand ad Kéd@dical initiator are soluble and include acetone,
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tetrahydrofuran, chloroform, methylene chloride, dichloroethane, toluene, dioxane,
chlorobenzene, xylenes, or the like. After the reaction is complete, volatile
components may be stripped off. When a solvent is employed, it is preferably inert to
the reactants and products formed and is generally used in an amount sufficient to

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

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

polymerization, e.g., sulfur compounds, antioxidants and the like.
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di luent, such as mneral oil, as long as the diluent

does not contain constituents that interfere with the

free radical 30 polynerization, e.g., sulfur

C )

¢ R BEHRA e BN SHLAARGT Dl lfucd Wi 5 o TARRRE Such

r anitiatats ar¢vivell khown irSihe lart. Howbvea] thé shateofetd rallisalMinitiator may

L3§,%%g.$$wever, the choice of free radical initiator
Ineneedi Y 18R ESAUeR, CPRErFER EMPYNSY enper at ur e

enpl oyed. 5 The preferred free-radical initiators are

t he peroxide-type polynerization initiators and the

aZlhe pygferqioirgemmdicabinitoiors aiettheapareside-Rauti pmlynoerization aditgadors

be ed to initiate the. .reactiop,.if desired. The ..

an Baes PypsdonBTzalior inf e Ratiign el AT e Goeglidpitghe the

I RYcE8RIiCdesirl® Organi ¢ 10 having the general fornula:

R12 OOR13 where R12 is any organic radical and RD is
sel ected fromthe group consisting of hydrogen and any

organi.c_radical. Bath 2.and | R13 n i .
7 08 Bl R e Rl BT SO b el T orgonic

r ddvieg ki, gef@tl formgla: RifOORS wigdle ReLibany breanicsadivallndR s is

hal ogens, etc. Preferred peroxides include, )

diseleeird fromithe eroyp considing of bydreygen ek ayiqrganigrgical. Both Ry> and
digt ert- - peroxi d f-ather i € :

o e UG BB b S B Rorp ) it iRl earryn,
béfdemaired, spiestiachtench auiabydenp et Praferredpdrexidesintliude di-tert-butyl |

but yl . per.oxi des; 2, 4-dichl orobenzoyl.. peroxide;
t @etopidey dighrpy) Pel‘i%?%ﬁ%ﬁll a&?egé"}mﬁlﬂ%%éd%ydr oper oxi de;
di acetyl peroxide; acetyl hydroperoxide;

di et hyl peroxycarbonate; tertiary butyl perbenzoate;
aftxamples oPOthet fudtablEiperoaites wipieh oompwandrs limiipe finelgdehenzoyl

al pha, al pha' . -azohi si sobutyranitrile, are al. ‘

kTR oot bR uE R perdoadt 228 moberagyt,

C GRRRRIEriER bRG1 BRfrbe6kias culrlRes Bydiaydrogides diseintl perbxide;

the nol ecul e group --N=N-- wherein the bal ances are

s acetskhydeopeeoxide; dretutipesoxysaibenats; teriary byt peshruzggte; and the

\Mii ch is preferably attached to a tertiary carbon.

o'N&r suitabl e azo conmpounds include, but are not

limted to, p-bronobenzenedi azoni um fl uorobor at e;

-t ol yl di i nob ; .. ..

P Thg a%o-t;pgiggqr;oﬂr?ds?g%)%%’by alpha,alpha’ -azobisisobutyronitrile, are also
well-known free-radical promoting materials. These azo compounds can be defined as
those having present in the molecule group --N=N-- wherein the balances are satisfied
by organic radicals, at least one of which is preferably attached to a tertiary carbon.
Other suitable azo compounds include, but are not iimited 1o,
p-bromobenzenediazonium fluoroborate; p-tolyldiazoaminobenzene;
p-bromobenzenediazonium hydroxide; azomethane and phenyldiazonium halides. A
suitable list of azo-type compounds can be found in U.S. Patent No. 2,551,813, issued

May 8, 1951 to Paul Pihkney.

The amount of initiator to employ, exclusive of radiation, of course, depends to a
large extent on the particular initiator chosen, the high molecular olefin used and the
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p- br onobenzenedi azoni um hydr oxi de; azonet hane and

phenyl di azoni um halides. A suitable |list of azo-type
conmpounds can be found in U S. Patent No. 2,551, 813,
issued 30 May 8, 1951 to Paul Pinkney. The amount of
| Teddidh %ndﬁox%”’%@bfsuaﬁ Ut iBnObf iRt ek PBbtwin 0. 001:1 and
course, depends to a large extent on the particu
i 0.2:1 aades ofhinisiater pertmaolhiof mldmlreamermdi piﬁ:fenred appunms detween
7 on conditions. The usual concentrations

f'(ﬁfkﬁgﬁ@f6gre between 0.001:1 and 0.2:1 noles of
initiator per nole of acidic reactant, with preferred
am)unts between 0.005:1 and 0.10:1. 5 The

oihgrRehimestzaiaen temppraiue orst Wﬁ@@mgm toi bypald goviri gk initiator

Pl AR o A SR e

t hﬁltlaton,lthd: feaction té]lilpeﬂaﬁﬁ@ tdnbt HeBNERr bt B°Ccaind BBout 90°C,
bet agb,&;\?bout 75C and about 90C,  preferably between

aB’é eraplycoehmernASeY: SU86 and pbe 85 2n highenend lpweifemperatuses can be

(S o
¢ o e RIANEbrod Bk S b 0RS Ll R shoy20°C and
26Dyt 200t 0, witleprefared ¢reppanss bewgeh abow S0°@Mdiabon0 G50°C.,

and about 150C. The reaction pressure should be
sufficient to maintain the solvent in the liquid

- P Qeactibh BR8MHEE %ocﬁ?fpbé RRAGERRS niéﬁ{téﬁnk?ﬁé WRRA: RDAY hﬂuid phase.

at nrospheri ¢ and 100 psig or higher. 15 The reactio

t iPagssurss canutherefors warfyibetveaen abwtraasuﬂpﬂlemmaltdﬂé)o psig or higher,
substantially conplete conversion of the acidic
reactant and hi gh nol ecul ar weight olefin to

C ape lryEEbn tihlegs udu@Be bifBBichi 0Bedukt ifi e ABiEntREL WBRDIANE
and 24 hours, with preferred reaction tinmes between 2

asenvessiom ok the agidicasagint apd highweolequins veigl]t elefinrte sepalpmer. The
' . §T,a%t1§ 1H1te|1§) Q.u{;#féeh R?eleyx %?15 'aﬁ(iiﬁﬁ RQ\JIE ev@l% r%Perre-F”?gac{llaﬁ ggms

nmol ecul ar "weli aci dic react an
ii‘arbiemreaharandanhbersbr ought together in any suitable
manner. The inportant factors are intimte contact of
the high nolecular weight olefin and acidic reactant

' '?Xstr{b?ecpc{b%§§ '?He,esd?) ect"‘refaEthﬁl i§ Q%ﬁggnag%)g%gnqglzaﬁ% 1%5&%11 The

he reaction, for exanple, can I'n a batch
smhenolahdmewelgm @& iagidicredaon) eiveneamghnitoloefcimbé brought

SRR AR OE N FITE XM RE G I
0'nﬁﬂédﬁlz§%ié?ﬁ oRFiAeEld BRI TEAddR M the presence of a free-radical producing
material. The reaction, for example, can be conducted in a batch system where the
high molecular weight olefin is added all initially to a mixture of acidic reactant,
initiator and solvent or the high molecular weight olefin can be added intermittently
or continuously to the reactor. Alternatively, the reactants may be combined in other
orders; for example, acidic reactant and initiator may be added to high molecular
weight olefin in the reactor. In another manner, the components in the reaction
mixture can be added continuously o a stirred reactor with. continuous removal of a
portion of the product to a recovery train o-r_to other reactors in series. In yet another
manner, the reaction may be carried out in a batch process, wherein the high
molecular weight olefin is added initiatly to the reactor, and then the acidic reactant
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or continuously to the reactor. Alternatively, the
reactants may be conbined in other orders; for
exanpl e, acidic reactant and initiator may be added to

~high nol ecular weight olefin in the reactor.

n
angg 'ilfemeBEH}%&e acf 3 %m%%n}en ThE ?eaﬁﬁtﬁ%ah% o?égﬁal%l% take

m xture can g cont’ huou to a stirred reac
wipldse doa tuhmtlmﬂsper Eﬂum\ivhe)‘é tlee copgpanknte arfadtdedatpme doaiore points
to,a recoyery train or to other reactors in series. In
@Fm‘ﬁﬁiﬂé manner, the reaction may be carried out
|n a batch process, wherein the high nolecular weight
olefln is added initially to the reactor, and then the
ant 28 and the initiator are added

g ﬁ]ﬁ‘gff@gl#lgoc? }/n%{lt co Trhr%a ! 5‘% z}n') Z n%tﬁ%lpcmg ggl%uq%ner (}f)tamed by

c Q@Q@mﬁgioﬂipﬁuﬂﬁﬂ}{éb \ﬁlith eGP AIndD(Y P PHR) fr a 1@61'9!'11& ﬁaﬁﬁal
tube, 5 Copolymer (iii) In one enbodinent, copo

r &8abvaed reaptign inj tbe BISEICA @acwlﬁn@dﬁmryﬁmlmm ﬁébotbyor by

( if%) Ja?@a%{lh%gorp‘n(gyr}? dor(cg%élgxi)n y\{:g W Hﬁgg g) 1} g%)e rilfical

t hetabnzed;macmmﬂ&rodmp@lfympodnd)(n)cu) aﬁd) paxhymmfd (O())or Qn)(c)
both; or by (b) contacting copolynmer (i) or copolyner
(ii) or both with the non-free radical 10 catal yzed

F. d d d
Eg)a?daﬁomwvy,&fr@gmoun (i)(a) and conpoun

eparation of Copolymer (iii) A
pn“opesess fiar the peeppratipaofitdpotynadr (G0 psndiqsmebcd( for|e)<amlsle in

b e, j Har | t
BhioR R 0 0 BB o0 v e
rg{ﬂggﬁﬁgy_ls inits entirety. In process step (a)

above, any unreacted olefin, generally the nore
hi ndered olefins, 1i.e., the beta-vinylidene, that do

Ug{% E?sgs:sé éae(%gébégvg R 8%%?%%%}% htyrlle(reaglyctﬁé lé?é){eelrxindered olefins,

t her, erfhetOvingiddne Sthai duatid oeuet re@dﬂjﬁwﬂhz& mbn@ﬂlylemcally
anhydrlde or ester thereof, under free radica
c SRERIIRtSAL-Gas naneg by ligiaed oresishberspf. @ﬁ.Cezﬁzls ¢icarboxylic acid

R i e

omaoastibylenivelly ohsaturade £;1hemumabcatlonglit rad oy esterethc;reaf or C4-Cyg

Eggg}’ ro?{'gﬁé gczi;l 3; g!ifl A YQPQ‘? glt es%e?’%%r}:gf l?l’?(%l‘ %hermz?l on;{-i%%%s% i.e., at
temperatures of from about 180°C to about 280°C. These conditions are similar to
those used for preparing thermal process PIBSA. Optionally, this reaction takes place
in the presence of a strong acid, such as sulfonic acid. See for example U.S. Patent

No. 6,156,850,

Optionally, a solvent may be used to dissolve the reactants. The reaction solvent must
be one which dissolves both the acidic reactant and the high molecular weight olefin.
It is necessary to dissolve the acidic reactant and high molecular weight olefin so as to
bring them into intimate contact in the solﬁtion polymerization reaction. It has been

found that the solvent must also be one in which the resultant copolymers are soluble.
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those used for preparing thermal process Pl BSA
Optionally, this reaction takes place 25 in the
presence of a strong acid, such as sulfonic acid. See

for exanple U S. Patent No. 6 156 850. Optionally, a
S @luHEhE sﬂﬁbfnt? ?hc'l’tﬁﬁqlc#ﬂi % tlf:‘ﬁ &Ito@*mﬁns g from about
reacti on sol vent nus e one I C so ves both™t

aéitdiaboutefcctachon atords; tkeonhs Iytvmg)fremmbaut 3nei apbot fo¢aelﬁolmtoms

g iR gt oB e €L B AES o a B 390D o

| AbbUES @b Yiems pbiinblBuls Qhrbifet iy ROMYIFBAI ZRIdbBE 3 carbon atoms
reaction. It has been found that the sol vent nust :

5 alpsomiglecaleeBy rligwiil Cis redeat hewd underithe epditions o€ pelywerization. In
g Y AL 6 MBI Bcspeoon

6 atoInf mu'hala@exc'as Beantl, @sind B! Diesmdan bHgh1¥¢nd Muaidseduch that
3.to apout 5 carbon atons; . .and |iquid satuyated

ali Gansksselvaithpacigie Feeckat wﬂ?‘é’é Hoeemlar peight glefip appdgition to the
t olefi
b b e IR S PR BT PR R e oI ECu R Sy otefinis
10 Bypuitdhilybetsieen $: 1remdrii001 i aodiisi prefictebly hhisveenddi: T arshds 1 .of
pol yneri zation. In the di hal ogenated hydrocarbons,
the hal ogens are preferably on adjacent carbon atons.

BYuit ARk Q8K Bnts it iR AN kdionds'ha@M@ BIm addi@ 335 6Q@hrbon atoms

"sol vent nust be such that it c¢an dissolve the acidic
r aad t}wrﬂatlaatdd Hichlorimoted hyHmcanhensgyhrving &émaboyl laddbeuton more

Sarebh B Mol P RO SHEPBACTE of i i S 10 sui t abl y

15 betmeen 1:1 and 100:1 and is preferably between 1.5:1
and 4:1. Suitable solvents include the ketones having
f Famplsef saitable shewts isclude.byhagmemimitahip:t he
saturated dichlorinated hydrocarbons havi ng from about
1 to about 5, nore preferably fromabout |I to about
3.,1. car hetonds,aush asl bedinmiplets/lahylketoha kiiethyWodtosn tisd
i ncl ude, but are not limted to: 1. ket ones, such as:
acetonénethﬂﬁ'ﬁ?l’%{kl‘?wnﬁetone di et hyl ket one; and

29 Methylisobutyl ketone; 20 2. aromatic hydrocarbons,
such as: benzene; xylene; and tol uene;

2. aromatic hydrocarbons such as: benzene; xy]ene and toluene;

3. saturated dihalogenated hydrocarbons, such as: dichloromethane;
dibromomethane; 1-bromo-2-chioroethane; 1,1-dibromoethane;
25 1,1-dichloroethane; 1,2-dichloroethane; 1,3-dibromopropane;
1,2-dibromopropane; 1,2-dibromo-2-methylpropane; 1,2-dichloropropane;
1,1-dichloropropane; 1,3-dichloropropane; 1-bromo-2-chloropropane;

1,2-dichlorobutane; 1,5-dibromopentane; and 1,5-dichloropentane; or
30 4. mixtures of the above, such as: benzenemethylethylketone.
- The copolymer is conveniently separated from solvent and any unreacted acidic

reactant by conventional procedures such as phase separation, solvent distillation,
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3. saturated di hal ogenat ed hydrocarbons, such as:

di chl or onet hane;- di br ononet hane; |

-brono-2-chl or oet hane; 1, 1-di bronoet hane; 25

1, 1-di chl or oet hane; |, 2-di chl or oet hane;

1pRoiRfi HTRRI AP ERE 1f ddsiadl

p cgjlbrlorm 2- met propahé%e?gggggaﬁ{%}dé%rcg sgll]vents may be used
1du_r41@g&1hlrca00maopane I, 3-di chl or opr opane;

.1-bronD-2-chIoropropane; 1, 2-di chl or obut ane;

1, 5-di bronopent ane; and 1, 5-di chl oropentane; or 30 4.

MK pél@fso@&teﬁﬁ SudRi¥ %nhy‘ﬁdi‘ﬁf% (BE3SA), which may be directly added to
benzenenet hylet hyl ket one. The copol yner

cepppdyinereadjard ép ar Gidels a‘en@ﬁr_ils oraperad l:ammlmdgcr ofimeHdmewn
a fo%s%es irngﬁ‘l‘a{ng%e n%&o@@ﬁ?‘: odsllag tr\lnfl{hlngtPo gﬁga%}g% tﬁere is a Ovell-known

ase Separa

pﬂﬁﬁhﬂl prédesOsed k.| US. Phtedt Nbf3 gi@lsﬁmdan &juaPe keilNGown
agints and/ or co- sol vent s may be used during the

r SlEFINAIIPN PTPRESHEPS: i csbildSe ﬁyﬁems dNee BAi7e, 88%9&@M@atlon of the
I
5 Qg@?@%@d%ﬂ oglﬂalni%y ?JBEesQéJ gééﬁ g?/ga’la(? geﬁerlté&al\rkg 3@?9}a6ﬁﬂ%'étalytlc
ngtnhgracu:f pmedslsesl{mgva g., rfU SCB&&SI&Q\IOSH GJSUJ_E,IGGQJ aidhé, 1 S8 h®cland free
d#é‘fq'eﬁfr%g?sa%@ges cgod) Scb o Npsss MBscighends T0,036) Suth
BeciRosPichl un@ﬁHee(ﬂéiéQl) lohe %Hon@i@"é{ﬁdu&? @& 'e}@t U%n Patent

process (see . U Pat ent .
c Db A9, @6 amrﬂ 3t.38d 021291,&15 rvedll e&r’rdgbtﬂconmmmlo @mmbcakhleg

RS M SR EUbubBao g i Rease T b s erdts per
3a1§é;%:l@@ﬁv@cﬂ§lb§ﬂtl&5§t (§R0}. ﬁo@g P68 NJ. acﬁ3qaﬂ35pr ocesses
(see, e.g., U S Patent 5,286, 799 and 5, 319, 030).

Such conpositions include one-to-one nononeric

aﬁg@%ﬁ%@é? gudcmu\:l\grll}}ydnde%algcﬁg gu oA cpl\ﬁla%cerg g]%eljngfagf 9158 r1}l{ilﬂn high

ag@tghdnylRyé ﬁ@lyahtleﬁtﬂyd dl@:ﬂf)&,e\dﬁﬂ 58 Hﬁt&rﬁ N&ﬂﬂ,ﬂ 52468 cTaslprocess
wth at | east 1.3 succinic groups pe

alsarier dissusspd dp Eh“bﬁaremu Blet 524 £E03 fprghe Cr’@e yheysfig gyceinic ratio
NQ. 16% hach. $3nd i l?ﬁ Y53k kwk €QELS H?sfe'vme ¢ g‘ﬁ@ﬁgglﬁlg eticPdsSPeater

can be produce ermal Ty al so
métah i3y EuydpedeA@thmhmEBm%(ﬁsS@ and 5@ 887 B8 1Jagd U.S. Patent

ReeES a1 e et LB 5Rel ARG sty e

ML S

gpelaibetene. A polyalkylene succinic anhydride with a succinic ratio of 1.0 is
disclosed. One advantage of polyalkylene succinic anhydride from high
methylvinylidene polybutene is that it can be prepared essentially free of chlorine.
U.S. Patent No. 4,234,435 teaches a preferred polyalkene-derived substituént group
with a number average (M) in the range of from about 1500 to about 3200. For
polybutenes, an especially preferred number average (M,)) range is from about 1700 to
about 2400, This patent also teaches that the succinimides must have a succinic ratio
of at least 1.3. That is, there should be at léast 1.3 succinic groups per equivalent
weight of polyalkene-derived substituent group. Most preferably, the succinic ratio

should be from 1.5 to 2.5.
' 31
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than 1.3. European Applications EP 0 602 863 and EP O
587 381, and U.S. Patent No. 5,523,417 disclose a
procedure for washing out the pol ymal ei c anhydri de
resin from pol yal kyl ene succi ni c anhydri de prepared
from hi gh nethyl vinylidene polybutene. A polyal kyl ene

succinic anhydride with a succinic ratio of 1.0 is 25

dihdraagahle Eﬂtm)dduca:ﬂmagﬁh)@indpm[r;chjdles/ﬂmedesunbédmdj S. Patent

R G530 R BsmTaselidhe Pvhst e 8 e o ene

Ucspolipabent No. 4 234, 435 teaches a preferred
pol'yal kene-derived substituent group wth a nunber
average (M) in the range of from about 1500 to about

3 Q . [ oI but enes, an especially preferred nunber
fromabout 1700 to 30 about

' 2410@116 dibsdipahtTthehrsnt BREHES, HiAdopbincy was MitAddRSeacted

nust have a succinic ratio of at |east 1. 3 That is,
|camneumlt capeble pf linlgng fiwe pwcinipdngrsuRse Suitable ether

eg&héatr@gs?a NarhoRBEl EREHRLLYES, SUDSL Tt uent

prefe e succinic ratio should be
from1l.5 to 2.5. 31 CIher sui t abl e al kenyl succinic
anhydrides_includes those described in U S. Patent

NG obvgthenGolyasinesy pi cal al kenyl used in the preparation

'Eﬁaﬁhfé\é Io?f]ﬁtag%ga é/el?rtgrfrﬂﬁles ﬁﬁpﬂlte dundd }fa@n Fﬂ@foﬁo&qﬁg

Compounds nbodi nent o resent ventlon

t kievatmgol ynmer may further be reacted Wi th an et her
conpound capable of linking two succinimde groups.
Sui t abl e et her Rwonpounds |ﬁ%hude but are n 4I|mted
to, the foll ow g ﬁQ olyether ﬁp yam ngg anples of

sui tabl e pgmyet ds~h®wﬁﬁNHJm
following struBture: 4Ri'hR14

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

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

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

Hunstman Corporation located in Houston, Texas.

Other examples of suitable polyetheramines include polyoxytetramethylene

polyamine compounds having the following structure:

HoN—(HoCla—— 04(((3”2)4' 0>7(CH2)4‘“ O—(CHz)3—NH;
| ' n-1 :
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HNGCCOGCGCOGCGHNR n 15, wherein Rl4 is

i ndependent|y hydrogen or a hydrocarbyl group having
from about Ito about 4 carbons, and n is the degree of
pol ymeri zation. Cenerally the polyether polyan nes

Ui . : . i i ! :
vt ris B bBEe bPod DRCRAERERL . SR oEoRbink: GRERE)

5 to about 100, nore preferably fromabout 10 to

a&pg@ 50, and_even nore preferably fromabout 15 to

abGberrss Agingergigives 20 The pol yet her pol yani nes can
b@vuhﬁﬁ-ﬁ{ér& rﬂhm{pggﬁé rga%fe{ni’ﬁl‘gy b 9%9;@%‘\,@@1 @E&wﬂ&sam% Glohol

as et hyl ene ox , propyl ene” oxi and butyl ene

oxr dminodkmhpl es of pol yether pol yani nes are sold

under the Jeffam ne(r) brand and are commercially
avai |l able from Hunstman Corporation |ocated in

GRr AbB¥ASlcoRsl Ot her exanples of suitable
pol yet her am nes i ncl ude polyoxytetraneth¥lene

pdiypisaily, aminn@leeimds miax be fermedeviies|thosleehp! spd aropps ef a

H2N- ( H2CG) 3- O (CH2)Y 4 Oy(CH2) a . O . ; .
wEPEP Rt o cplEl e Yol Ptk i g, cth as reductive
numdestionf ARDFBhayeihliRke alpoliySikr chatolieegloer prdpyiege or ethylene
Derivatives Furthernore, the copol yner reactant 6g bﬁ

r SR HOW RIEND BN0pE PRA FheafPTFcIaF 8B ABINO o Qe &g dhe polymer
t Rbgh . &R ' | 19%n the molecul
o B G€ Bk bl ahg AT abn) EaRRe, BBl BBl HntcRBD i the mplecule
a withotlgehoh@dnaing not conpl etely converted to am nes

during reactions, such as reductive 10 am nati on.

Al'so, one may initiate a polymer chain (i.e. grow

p rlf%%%l%@ of ﬁg@gfe?@lﬁﬂfer%in@%coﬁnﬁﬁ A A Bl PR i he

therefore n ‘am no on one end of the polyner
c Hallowifg steuctumi t i at or) and an al cohol term nus, or an
am ne internallﬁ in the ,nol ecul e
15 Ris Ris
' | Hy l Hz Hy l
HoN C C 0] C C 0 C C OH
i \ H / H
n

wherein R,s is independently a hydrogen or hydrocarbyl group, having about 1 to
about 4 carbons, and n is the degree of polymerization. Generally, the polyether
amino alcohols, suitable for use in the present invention will contain at least about one
ether unit, preferably from about 5 to about 100, more preferably from about 10 to

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

Other examples of suitable polyetheramino alcohols include

polyoxytetramethyleneamino alcohol compounds having the following structure:

HzN‘(Hzc)s_O’é(CHz)er}‘(CH2)4"“0_'“—(CH2)4“'0H
/n-1 |

wherein n is the degree of polymerization.
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of suitabl e pol yetherarino cohol
pol yoxyt e&} amet yl eEea 0 EEJ c8rrp
the follo ruct’ur Cy3-0

wi th al cohol termni. 15 Exanples of suitable
pol yet heram no al cohol s i ncl ude conpounds havi ng the
following structure: R15 RI5 RI5 | H2 | H2 H2 |

"H2ZNGC O CGC OGCGHOH n wherein RIS is

i ndependently a hydrogen or hydrocarbyl group, having
about 1 to about 4 carbons, and n is the degree of
pd?cyyvdre'rzmzﬂzwmzo&ner ally, the polyether 20 am no
oho%ﬁ sui t abl or use in the present invention .
OEsyta g heragg@gtthlg}eéncl GROMpeHNgs having the following
p@gﬁaﬁ@bly fron1about 5 to about 100, nore preferably
from about 10 to about 50, and even nore preferably

from about 15 tmygabout 25 etfgr uRits. O her mpxanpl es
i nclude 2

otifads aV|
25 (G400
(CH2)4-O(CH2)a H n-1 vvhereln njs the degree of
pol yneri zation. 33 Pol yether Am ng Thi ol Exanples of

"suitabl e pol yetheramino thiols inclfude conpounds’

IS LR G TR PG e
i nelelpend embbys mdhyid tlegdaprezrofipptimoeiantiyd. gr oup, havi ng

fromabout 1 to about 4 carbons and n is the degree
of polynerization. O her exanples of suitable

PRii&ieRahAEs HOsulthbIR Ipdlyleftietaitifo thiols include

polyoxytetramethyleneamino thiol having the folowing structure:

HzN"(Hzc)a_O‘é (CH2)4'0>7 (CHp)y—O——(CH,)4—SH
n-1

wherein n is the degree of polymerization.

Generally, the polyetheramino thiols suitable for use in the present invention will
contain at least about one ether unit, preferably from about 5 to about 100, more
preferably from about 10 to about 50, and even more preferably from about 15 to

about 25 ether units.

Ether Polyamines

Ether Diamines
In yet another embodiment of the present invention, the copolymer may be reacted
with ether diamines. Suitable diamines are reacted with the copolymer, such as

decyloxypropyl-1,3-diaminopropane, isodecyloxypropyl-1,3-diaminopropane,

- isododecyloxypropyl-1,3-diaminopropane,

dodecyl/tetradecyloxypropyl-1,3-diaminopropane,

isotridecyloxypropyl-1,3-diaminopropane, tetradecyloxypropy-1,3-diaminopropane.
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10 pol yoxytetranmet hyl eneam no thi ol having the

- followi ng structure: H2N-(H20)3-0 (CH2)a O (CH2)4-0O

10

15

(CH2)q SH n-1 wherein n is the degree of

pol yneri zation. Cenerally, the polyetheram no thiols
SUf or. use in the present invention will 15
cor{%%%?aé{lg%seast about one ether unit, preferably from
about’ 5 to about 100, nore preferably from about 10

tq about 50, qﬂ even nore preferably from about 15 to
2B YFL BEthEE HEpotimeRkor th resenbaTvGBA, the copolyEIChEIRY be reacted

DA G tidinbed. SRAAHILBEarfHBOALABE I FbudifiePr esen!

i nvention, the copolymer my be reacted i th ether

di am nes. Suitable diamnes are reacted with the
cggolyner, such as

decyl oxypropyl -1, 3-di am nopr opane, i sodecyl oxypr opyl -1,
3- di am nopr opaNH; '

i sododecyl oxypyopyl - |, 3-d{ am nopr opane, 25

dodecyl / tetradecy opyl - 1, 3-di am nopro ,

i sotridecyl oxwpr gpyl - 1, i am nopr/opane, ) '
- tetradecyl oxypkopy-1, 3-d nQpr opang”. Et her

Triam nes In yet another enbodinept /of the\pyesent
i nvention, the copolymer may b dtted wifthzet her
triam nes. Suitgble trianiyges/include the follow ng: 5
(i) N2 NH2 "RRx OR : Y ' '

NH,

wherein R’ is C,-Cg;

wherein x+y+z = 1-85.

(ii)
NH,

HoN

CHs

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

~ Triamines of this type may be purchased from Huntsman Petrochemical Corporation,

Woodlands, Texas.
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NH2 wherein R is Cl-C6; 10 wherein x+y+z = 1-85.
(ii) NH2 JCH3 Oy H2N ~xOtNH2 O~ Y/ Z CH3 CH3
H3C wherein x+y+z.= approx. 5-6; 15 Triam nes of this
type may be purchased from Hunt sman Petrochem cal

Cop Pyt | Wodl ands, Texas. 35 Pol yether Polyol In
yet “anot Ifgp)oénbodi ment of the present invention, the

cdp gbtyamtherrmylbbcﬁnreﬁa@ﬁthel prevdrit nvangai, yiet dopolyaen trayrberepcted

at .|.east t . QX end groustoforman ster. Th

oY B@Y@fﬁ% %%Faémﬂéete'e% 579 Bydrewlsg¢ e {0 foBm apiegter. The

R})Bly%ﬂ%r péiybl% hlavé'@lel'fglldwm ictire G C O CGCOHd HHH
wherein R17 is |ndependently a hydrogen or

hydrocar byl gr &yp, ;gﬁg f Ry abXt 1 to abryt 4

carbons, and n |s t he flegreq of polynerizatiop. O her
yet er

exanpl es sui't abl
pol yoxyt é?éameﬁwl € K l'yoly /

olos |rgﬁud

-0OH
n
wherein Ry is independently a hydrogen or hydrocarbyl group, having from about

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

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

DuPont Corporation, Wilmington, Delaware, having the following structure:
HO—(H,C};—O (CH)4 O (CH,)4—OH

wherein n is the degree of polymerization.

Suitable polyether polyols include, but are not limited to, the following:
polyoxyethylene glycol, polyoxypropylene glycol, polyoxybutylene glycol, and
polyoxytetramethylene glycol.

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

Generally, the polyether compounds suitable for use in the present invention will
contain at least one ether unit preferably from about 5 to about 100, more preferably
from about 10 to about 50, and even more preferred from about 15 to about 25 ether

units.
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10 conpounds, such as those referred to as
Ter at hane(r) which nmay be purchased from DuPont

Cor poration, WInm ngt on, Del awar e, havi ng the

following structure: HO(H2G)4 O (CH2)4 O (CH2) 4-CH '
N-de r I
n tngiﬁl‘lg gﬂg@);/)eteﬁgrr £b& gtgi%%ﬁlﬁ%{l% g)‘? u¥vgﬁ{ ?fésélﬁm\ﬂeﬁtwn may be

'| idefivedifronm, ondhend ctheldwaeng a mpdhmo)f)c&teh!/}ipemeu@ ycol |

AR T R OISR M Ao
Mbll@kytaadomebtderifting Q@f(ﬂﬁ/l@éﬁ;ﬂ Thy pRIBIE; ye%?bl@)@d)é@ﬁeli‘ €bmpounds

polyol 20 will general range from about 150
al35uearsblof rescing wath|ay IefastdeatﬁdwyB@@md grouph gmnhz’cr)@e
G‘?l@ﬁ{rﬁJeXt &g pol yether conpounds suitable for use in
present i nvention will contain at |east one ether
unlt preferably fromabout 5 to about 100, nore
25 from about 10 tqo about 50, and even
ﬁﬁ@f F CRRPlymEHgY Be feastsdvg i Bitumesfaofysther pplyemines,
3
u;?’gly%. R pncalodtoR, PEL R Shn bR, BOTeBH AARE sty giomines
ote femhemittypefomides rdmitler andofsteet. her t ypes, such as
pol y( oxyet hyl ene- co- oxypr opyl ene) diam ne. The m xture
of ether units may be bl ock, random or alternating

- Yl ymafshatid 08nREESENT | Y errpl oyed et her compounds 5
are capabli e of reacting with at least two carboxylic
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adihg abphﬁjq@stompoam] 9mpioored inctbe prﬁaemt\zmsentlhe hewodt least one functional

ot B gils P ar REHEE ST dpS BeRBR oD ot BB heeSt o

_p@kﬁﬁid?@ﬁc adTl ninhly i@ &r esRP kDERSITEPreRPABIP) tRe aldfhalit B&hpound will

di am nes 10 to orma mxture of imdes, am des and
e §PRIpI 011@@; Qe BRERG EnetinnsberodpsTereons) arysese hrdresyidoneiipnal

?ﬂuﬁ% 1) the present invention has at |east one
f ronal " group capable of reacting with at |east

one nonocar boxylic acid or ester thereof, or
Amino Aliphatic Compoﬁnd
In addition to the ether compound (i.e. polyether polyamine, polyether polyamine
derivative, polyether polyol, ether diamines and ether triamine) above, the copolymer
is also reacted with an aliphatic compound. The aliphatic compound employed may

be an amino aliphatic cofnpound.

The amino aliphatic compound may be selected from the group comprising of

(a) aliphatic monoamines, (b) aliphatic diamines, (c) aliphatic polyamines or

(d) polyalkylene polyamines. Aliphatic monoamines include methylamine,

ethylamine, propylamine and various higher amines. Diamines or polyamines may

also be employed. Preferably, they will have only a single reactive amino group, that

is, a primary or secondary, and preferably primary group. Suitable examples of

diamines include dimcthylaminopropyiam.ine, diethylyaminopropylamine, dibutyl

aminopropyl amine, dimethylaminoethylamine, diethylaminoethylamine,
:dibutylaminoethylamine, 1-(2-aminoethy!) piperidine, 1-(2-aminoethyl)pyrrolidone,
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15 di carboxylic acid, anhydride or ester thereof -
Preferably, the aliphatic conmpound will contain one or
nore am no functional groups or one or nore hydroxyl
functional groups or both. Amno Aliphatic Conpound .
2 o . . .
IR bIADIAG ahd Sl RABRALAE, RrorBrabh B RIGo amine
p@ﬂwﬂgaSH@hamwdnamnnmsgamﬂiENH@Mnhﬂhghnmmeahmmmnebhe

so reacted with an aliphatic conpound.

- cQ i s al.
ﬁgn%%”ﬁﬁ@WPﬁm@ Hpound enpl oyed may be an ani no

al i phatic conpound. 25 The am no aliphatic conmpound
may be sel ected fromthe group conprising of (a)

aIAqﬁ‘ﬁHIDﬂHYaﬁbﬁ@BmO@Qhat(@quupﬂ aould bdiageiyegter céntpining a single
ahlgﬁgé m]}lyamnes or (d) polyal kyl ene pol yam nes.
I pha I“E Mdtioan nes i ncl ude nmet hyl am ne, et hyl am ne,

propyl am ne and vari ous hi gher am nes. D anines or

pol yanj ne al so be enployed. Preferably, they
m?r%eﬂ%kyeﬁls MOfyaWéﬁnﬁ g)pbfaﬂ%fe:has\@eaa@ﬁ then 4 pwifis, nitrpgan adoms per
| $holé v éb H%z%& lﬂﬁm%?%&ﬂﬂ 13991t gxg gtroﬁﬁ (H\é gl ol d TRkt preferred

e exa

group. Surta
damﬁmmmmmdmnbm 5 tdlabt)iilw mangmaompphzambleeThe number

am nopr opyl am ne, .di net hyl am_noet hyl am ne,
Eiﬂﬂ °M?ﬁ9§@ﬁm‘§¥ﬁfﬁ@% ngfﬂmgﬂnaﬁ%/ ?ﬂ%@{lﬁﬁg gsiollews:
1 (2-am noet hyl ) I%xﬂ@ér'o@'nﬂ?o en atoms = % N x F

1- (2- am noet hyl I caM no Dr hol i ne,
aw(iilel%m nopr opzl )rmp%%ﬁlg(}lléggﬂ&%r@?er abl y,Ei tyed%gl |pphalt| c

am neé  having a single reactive amino group is

N N-di et hy% Nﬁpﬂﬂﬁﬁﬂﬁﬁbgﬂm iA§obfamine or polyamine mixture
pro | mor phol i ne. Addltlonalhﬁ t he am no
aI [ ﬁ&m

BirAysiAsa malenudar peeight vb eardlaming ar pelipmipenixture
it IEL N E i
npd)lg.ralkuknnt polzanines aismcoﬂtamtfmm abQutaintors®omi 40ramgmm aldamlxﬂhere

P Peing RisSebla Hog? i deaspon et oot Wb Thon

NprER&Ably Bhs 203rB6n-f- hi&l%@@ﬁ‘ra%bmro%%b(ﬁ@ he t%fabQ\Si’tl Doarn ne
is calculated as follows: Nunber of nitrogen atonms = %

N x Moa

Examples of suitable include the following: tetraethylene pentamine, pentaethylene
hexamine and heavy polyamine, HPA, (available from Dow Chemical Company,
Midland, Michigan). Such amines encompass isomers such as branched-chain
polyamines and the previously mentioned substituted polyamines, including

hydrocarbyl-substituted polyamines.

When more than one primary or secondary amino group is present, the reaction

conditions and/or stoichiometry should be such that oil solubility is maintained.

Hydroxy Aliphatic Compound
In addition to the ether compound (i.e. polyether aromatic compound) above,
- optionally, the copolymer may also be reacted with at least one aliphatic compound

~ which may be a hydroxy aliphatic compound.
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Per nol e of polyam ne 14 x 100 wherein 15 % N=per cent

nitrogen in pol yani ne or polyam ne ni xture Mpa =nunber

aver age nol ecul ar wei ght of the pol yam ne or pol yam ne

m xture Suitable aliphatic polyanm nes include

pol yal kyl ene pol yam nes. Preferred polyal kyl ene

pol yam nes al so contain from about 4 to about 40

C arhgamonat onmpltifhmﬁenalﬂgidrtg(yb cahpouakb ysddraopordinigdo $he process of
bon atons per al ene unit. Th ol yami n

o i Pl P B i oS R D Al

about 1:1 to about 10:1. Exanples of suitable include

the follow ng: tetraethyl ene pentanine, pentaethylene

h e%tlatﬁbiﬁ aydm glwélaha}tlmqmmnd@ncmm but aseaiolt sihviited to,ethaboly

g R RN R R R S R L

amcﬂclithﬁlaﬂy’ alé gpytﬁbxfyl REphdtRNthpouRs tolld bed ppRkiRitdifSining a
i ncl udi ng carby -substituted pol yanm nes. Wien

wé%"@qlﬁfélf\o&yhén%gfpﬁﬁry or secondary amino group is
present, the reaction conditions and/or stoichionetry
shoul d be such that oil sol ubili ty is nmaintained. 30
Hyfdhe dnyglm&kylpimaipoundhmp aisodtohtairag Hettjocaorh ostich as silfier

et her aromati c conpound) above,
8‘?@@5 Cal’tﬂ%tg | ymer may al so be reacted with at
| east one aliphatic conpound which may be a hydroxy
al i phati c conpound. 38 The nmono- or nultifunctional
hyﬁipbwjd Conppaerds detainéy; Btk an dinige Fanctine apd adéskonf Function

o R Epol G b 8 re by PiTisn e BRAc P aRE] foky have at

c Qé’ﬂ@@éﬂé%lh@ Sloufland RBUkas bRe derok 1@&@1 Etxam 1%& Bﬂmah, compounds
|sopropgt al cohol , isobutyl alco tert-
u

alinsuels) dutgrs et lishitedrte, athanol puaine, diathaneli asviag, |tyeth@m! amine, and
h¥ méyl al i phatic conpound coul d be a pol yet her
contarning a single hydroxyl end group. 10 The

hydroxyl conpound may al so contain a hetero atom such

as sul f tr
Method of Making the Lubricating Oil Additive Composition

The lubricating oil additive composition is prepared by a process comprising charging
the reactant copolymer (e.g., at least one of copolymers (i), (ii) and (iii) as described
herein) in a reactor, optionally under a nitrogen purge, and heating at a temperature of
from about 80°C to about 170°C. Optionally, diluent oil may be charged optionally
under a nitrogen purge in the same reactor, thereby producing a diluted copolymer
reactant. The amount of diluent oil in the diluted copolymer is up to about 80 wt. %,
more preferred from about 20 to about 60 wt. %, and most preferred from about 30 to
about 50 wt. %. Both an aliphatic compound and an ether compound are charged,
optionally under a nitrogen purge, to the reactor. This mixture is heated under a
nitrogen purge 1o a temperature in range from about 130°C to about 200°C.
Optionally, a vacuum is applied to the mixture for about 0.5 to about 2.0 hours to

remaove excess water.
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(e.g., betamercaptoethanol). Aliphatic Conmpounds

contai ning both an Am ne Function and a Hydroxy

Function |In another enbodi ment of the present

i nvention, the aliphatic conpound may have at 15

l eﬂétlllllﬂ'&ﬁg 813 g(il]cg{l\cr)éj@on%o%ltﬁ}n ﬁ %%é b2 %‘?ﬂd@ élg%l%)é)é{m&rsso g(pmprising
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iphitigicompaunss #B% dherstisis compavnd at di desied Fagiosinto the reactor. One
aQd infory §f (O RS AR bk EhREEPATRL Rt t?ﬁyﬁéé?ﬁ?eetogfamh‘gt{ce mixing

conprising charging the Feactant copo
| @nd reacthan. &f Sta:twu[m:nearsbe( used t¢ fac)litata ctinu@xln'gio)C tlesreactants as they

d b t al d
TS G ChaRRg a8 URseedla e frasortis eBsd oat f abH 0 5 fhont
abdsurst & térip ek frdml Aot @BHP @ RS 26ty @?hoﬁ’élh/ ef%éuum is

be charged optionally under a nitrogen purge I

s anpliadda thegeactionarisbiye guidnpibi mpctiondpérided copol yrrer 25
reactant. The amount of diluent oil in the diluted
copolymer is up to about 80 wt. % nore preferred

f WBlenahere thaGneduadiiout! §8upMs. prédentditkhREhaic @baIpbest, the
fromabout 30 to about 50 wt. % Both an -aliphatic

cé?ﬁﬁ%@fh@nalﬁwnaﬁn%h@pwb@mwao@d e suedy haipoil solubility is
ﬁ{duﬁ{ﬁﬁéd 313‘0}‘99951% 18 \ﬂkeglrr%gﬂm%{i&%‘?a él?atiyggm 81‘?1?&3 are used the

S mxture 1S e’ate er a
t éinfargadupr@cl, therpaingehelr comipainai) hndﬂrﬁ@ota@lyﬁi&ﬁuﬁe ;ﬂ@l@ﬁblﬁ&harged
umis applied to the mxture fo

[ ]
Oﬁ% ¢ ?%°?¥ figst &B@ aﬁowe%torfsw Fripplo addiepet éb@c@%lfm@flai
3311}3_1{!1%0 kHRpoGREL FRShiror@ B iR oty Qﬁ’duth:i By s&c%rih?tl witkn the

de using a process conprising °simultaneously
C haﬂtgﬁun@,mahl aliphatic @:anpcamdss (Iraegedttatite reapod, jiees ls(g'e)lcrally about
[ t he hati.c conpound; and the e .
ot maRbukiof rehgtvGop S aR PG R e S g acid
Ofmﬁﬁbl@s ek nioﬂ@:u[ee{ﬁfth@ﬂﬁ.lﬁlfﬁﬁﬁloﬁﬁl eﬁﬂgﬂi‘[ﬁ?&nﬂioﬁﬂ 'ﬂln@l/t%t:ﬁ‘&i order

ﬂQ)eraturetofamlltate m Xi n and reacti on.
seichiometry cethicpeexpstsiva Qrossanklng batinitihg theguatber hfeunreacted

Tﬁ%ﬁb Hygl?m@fﬁlf l!i}l%Xtura%cF Ho. t(gfdgcaalg(%gﬂ% dgﬁ%s rregaglve % thf number

is-carried
hofifeactle sited @imbe mailtif@cfis gkt ¢dmapsurtd RabeitiondP@kcessive

t | | to th t
Qo I ﬁw@l%ép%n%%gq%gemﬂ@;éqbagﬁn%gf £ g'orma%ogl %g((i: tllxe(r)gfore increase the

probablhty of oil solubility.

In one embodiment of the invention, when the aliphatic compound contains only one
functional group capable of reacting with at least one monocarboxylic acid or ester
thereof, or dicarboxylic acid, anhydride or ester thereof (e.g., N,N-dimethyl-1,3-
aminopropylamine), then the non-free radical catalyzed reaction product of compound
(i)a) and compound (i)(b) or (i)(c), which is contacted with either copolymer (i) or
copolymer (ii) or both, may be contacted in the presence of component (C) (i.e. the
aliphatic compound) prior to the additign (;f component (B) (i.e. the polyether

compound).
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10 When nore than one functional group is present on
the aliphatic conpound, the reaction conditions
and/ or stoichiometry should be such that oi
solubility is maintained. For exanple, when
ln@ﬁngﬁmﬁﬁgnal al i phatic conpounds are used, the

| riKer group (i.e., the polyether conpound) and the
cdpe Ifglimrnnga@imveedcemminblym atearxgaglestobsdheof ta cbmporianl‘,ssthat can |

and .al | ac rior . to addition of

P (LY Frpngy e he Frﬁﬁ%ﬁt iRveRtieh I expplenor Addiives are

t Reovidedits MhiRFRk ke SRQM hvBRicleh: th&ire %%téﬂh@d to limit it:

mul tifunctional aliphatic compound’is charged t he
reactor, there is generally about one nDIecuIe of

rdact i Metahddedaeenis eni cal | y unsat urated nono- or

di carboxylic acid functions per nol ecule of the

mul ti functional aliphatic conmpound. This reaction

or der Salfﬁi*z&tl@r th@ﬂﬁhédalk?l@&ﬂ&n?%ﬂﬁﬁ@tby @lkyl or alkenyl aromatic
crossli FI limting the nunber of unreacted 20

nonoet YRR eé,d?qrgﬁe%ﬂé@ma%t%a‘uw ugsultyrizad psia) salts of .
acid s 3

on t ho el DI RE WK Sk UEARE cortoornE N Gr SEER hydrory
of excessiatie sul@amﬁsj svﬂﬁnrmgi oreynsaiérized abkyl bealkenyl naphthenates,

probablll f.or t|on an [,ncr ease. :
the t?i%f#mf% A 9P Syl pr gy altacid, and
e"b0d' BRMicAlanl PRy BikhRR &GN the aliphatic

conpound contains” only one functional group capable

of reacting with at |east one nonocarboxylic acid or

ester Ahhqmg?&ﬁsor di carboxylic acid, anhydride or

ester thereof (e.g., N, Ndinethyl-I, 3-
an1nopropy|an1ne) then the non-free radical catal yzed

(1) (b S eige TBHer ey A BUAeGH] G eh PR Im service

copol ygich(deleridfatidR i$ SRGNLER by (Hel ﬁrocﬁfctshﬁtd%daﬁﬁﬂ siéh as sludge
contacted in the presence of conponent i.e. the

al i phaamctvasmﬁlp@ﬁmdypqgw on thegnetplesugderistan ﬂ?)’@fl lmwemm‘comy-
(B) (i IE alwgllgg OPEH'l&ly e)Elﬁla“ahrts useRIRY H{ég)reser%t(%nx%rl?ﬁp 1&99(# { 'bMtea% not

The fo ng a I've ‘conmponen are es o
of thehﬁmﬁ@&ntphér&)lt)fpat(ple@nhcmldaamrxabbfyore,raubloyed |n

the present invention. These exa tiv

o ot G PG RS BT by BOBHD: ol DHCE Bri-tesr bty FiagnoD).

are noﬁ4’Qk@ﬁﬁgﬁyFQJ&iﬂh&hﬂkndﬁ 1. Metal Detergents
2,2"-methylene-bis(4-methyl-6-tert-butylphenol),

4,4'-butylidene-bis(3-methyl-6-tert-butylphenol),
4,4'-isopropylidene-bis(2,6-di-tert-butylphenol),
2,2"-methylene-bis(4-methyl-6-nonylphenol),
2,2'-isobutylidene-bis(4,6-dimethylphenol),
2,2'-5-methylene-bis(4-methyl-6-cyclohexylphenol),
2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol,
2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-1-dimethylamino-p-cresol,
2,6-di-tert-4-(N,N'-dimethylaminomethylphenol),
4,4'-thiobis(2-methyl-6-tert-butylphenol),
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Sul furized or unsulfurized al kyl or al kenyl phenates,
al kyl or al kenyl aromatic sulfonates, borated

sul fonates, sulfurized or unsulfurized netal salts of
nulti-hydroxy al kyl or al kenyl aromatic conpounds,

Sul Y ur AT T ol kenyl

napht hewigBasethyl¥ehpdroSab tet-0b-batykaneyly-satidesand et al
salts of an alkyl or alkenyl multiacid, and chem ca

and phylga“»(éérdlﬁﬁlshbmyéé -hydeaxabenzyD. Dighenylopingapesoxidation
ANt - ox (ARG K GEHC Bul HEn mﬁqnﬁ%g%%i ﬁyl%@ﬁ@kt‘l}g&hﬁm} 0

deteriorate 1 n service eri-ora
evi dengeenylyalptienaphtigimeiise, ahd abiythedd-aiphs naphtlysamineddther types
and var |sh l.i ke osits . on t netal] surfaces and by
an incr §glapﬁn Whg%lg’éﬁ inglude metod dithigeasbamate (¢ gxFiant s
useful dimidch, | eAdbid( BBl iGihiRUibaffaft) NOt
Ilmtedlt(I)C pﬁgﬁgﬁﬂﬂ€63Q¥éﬁgﬁgﬁ?( o%?g%llon ate).
|nh|b|tors such as 20

(2,6-di-tert-butyl phenol),
4 4 bf&yghgﬁglgtert but yl phenol ),
4 4 bls(2 met hyl -6-tert - butylphenol)

ﬁ@%?ﬁgﬁ@gﬁék@nﬁsf%ﬂen@ et Vb B hietallic parts.
JORKPNE drdBAEs f@hé(l@ohﬁiedbutta‘f’é ﬁothyﬁlyédnbe@msﬁhate%&md

nmet hyl'ene- bi s( 4- net hyl nonyl phenol ),
bi@phgﬁpha!em@ctﬂaké thegzoflj cadmateshestrss, pnd molybdenum
5 net?&ﬁene bi s(4- net hyl - 6- cycl ohexyl phenol ),

i -

[

[

|

tyI-4-nethyIphenoI,
-tert-butyl -4-ethyl phenol ,
met hyl -6-tert-butyl phenm
st Tabibitgrm Ay Reshagsai) or esol | 30
i-tert-4-(N, N - dlnethylan1nonethylphenol)
: thIObIS(Z met hyl - 6-tert-butyl phenol), 41
2, 2' -t )obi I{dniomt bylyoﬁydtl@ﬂénebutfyctemmnehgcnts polyoxyethylene

bIS(3 met hyl - 4 r oxy- 5- t |

and bi s(3, gawr?tgq:rt pq}mnwet W%}g@;@é@% |C§i1€}‘ povyoxygtﬁylene

Di phenyl am ngamlyRenPrdrat ddWoxyethylene octyl phenyl ether,
polyoxyethylene octyl steary! ether, polyoxyethylene oleyl ether,

44
4, 4'
2,2
2,2
2,2
2, 6-
2, 6-
2, 4-
2,%-
2, 6-
4, 4'

! QQ_Q_Q_Q'

polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol

mono-oleate, and polyethylene glycol mono-oleate.

b) Other compounds: stearic acid and other fatty acids, dicarboxylic
acids, metal soaps, fatty acid amine salts, metal salts of heavy sulfonic
acid, partial carboxylic acid ester of polyhydric alcohol, and

phosphoric ester.
5. Demulsifiers

~ Addition product of alkylphenol and ethylene oxide, polyoxyethylene alkyl

ether, and polyoxyethylene sorbitan ester.
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di phenyl am ne, 5 phenyl - al pha- napht hyl am ne, and
al kyl at ed- al pha- napht hyl anmi ne. Ot her types of
oxi dation inhibitors include netal dithiocarbamate

18 ot At B el SR R Kb TBEAY A2 anti - vear

Agents 10 As their nanme inplies, these agents reduce
wear of nnyigg netallic_parts. es of such

Ex I
agent s Serigebolctns, Ziealialiy- i hiapbastiete (prmepralkdsseametiary

“thi ophggpfalas,-An f&g&lzesn&h %gﬁ q& Tﬁ&%{l Q%Iﬁlltog(?%{egr gt%,eJhTOrinated

and nol ybdenum~” ¢
(Ant i - RaphthAlges tfipraakyNeoly dioixanc) tdayl axpiahdnatee nansilivédere

active agents: | ygxyet hyl ene | auryl ether,
pol yox}’@{q W@ﬁ@gﬁr%ﬁ@%%hetsﬁalth&pﬁ@w?ﬁaw&yaﬁylélerhf;weemsphate&
nonyl phenyl ether, polyoxyethyl ene octyl phenyl

‘et her, 20 pol yoxyethyl ene octyl stearyl ether,

pol yoxeichoh dhaliladrey| et her, pol yoxyet hyl ene sor bit ol
nonost ear at e, pol yoxyet hyl ene sorbitol nono-ol eate,
and pol yet hyl ene gl ycol nono-oleate. b) O her

conpou deﬁ?r aRbBRAY FttyaridisrBfe AifaEostalit ¥cidCleR acid and other fatty
di carboxylic 25 acids, netal soaps, fatty acid am ne
sal t s, apwds af saltsthereef), dneingsposaied estarcothercisters, phesphates, other
car boxyl i | f.€ r. of I hi I I, a
nospnapp P fesfRs i Bl BRI PRl GRS, and P rmpgnaes
of al kyl phenol and et hyl ene oxi de, pol yoxyet hyl ene
al kyl _ether, .and pol yoxyet hyl ene sorbitan ester. 42
6:8- Ext Myiatynctenal Addries - wear Agents (EP/ AW Agent s)
Sul furized ol efins, zinc dialky- | -dithiophosphate
(primary al kyl, secondary alkyl, and aryl type),
di phenyulfstikéd adeymalpbdeybmtditheratbemast sdfiratd pxymolybdenum
chl orinat ed - .
organo phosphorodithioate, oxymolybdenum monoglyceride, oxymolybdenum
diethylate amide, amine-molybdenum complex compound, and

sulfur-containing molybdenum complex compound.

9. Viscosity Index Improvers
Polymethacrylate type polymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,
polyisobutylene, and dispersant type viscosity index improvers.

10.  Pour Point Depressants
Polymethyl methacrylate.

11. Foam Inhibitors

Alkyl methacrylate polymers and dimethy! silicone polymers.
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5 napht hal ene, fl uoroal kyl pol ysi | oxane, | ead

napht henate, neutralized or partially neutralized
phosphat es, dithi ophosphates, and sul fur-free
phosphates. 7. Friction Mddifiers 10 Fatty al cohol,
fatty acid (stearic acid, isostearic acid, oleic acid
and other fatty acids or salts thereof), am ne,

baeat edMeastBeactioitbgr esters, phosphates, other

phosphi tes besides tri- and di-hydrocarbyl phosphites,
and phosphonates. 8. Miltifunctional Additives 15

Sul f ur irzeg; I [} i sul furized

oxy nol %%@‘ﬁgﬁa&g%‘gﬂg&gﬁlgg{ 6{]16}12%?% oa gx;zes,

oxy nol ymleapivhenpsthiglgles thiddiazdx demvayivee andnmeeiaptobyhAinédazoles.
am de, am ne-nol ybdenum conpl ex conpound, and

sul fur-contai ni ng nol ybdenum conpl ex conpound. 20 9.
Vil8cosiDiypeksadax | nprovers Pol ynet hacryl ate type

ol ymer et hyl ene- propyl ene copol yners, ) )
2 t y?/ en é’ﬁk%'ﬁ) P%ﬁéﬂr@efga f\%é% ,Suqeygm&iéé agifiqdenidh phepeTgARC
copol Y RBfPoundéOalRa Y b&&hﬂﬁﬁ{&eg '?l?%iiﬁéﬂjlﬁ;g ﬁs{?—%"ﬁgﬁ{b‘iﬁ {¥R @thylene

viscosity index Inprovers. 1 0 pressants
Pol ynmetchpbnate bbhaoniodcd,esters36f pblyaldehaln and ipobiitobosnl degéinic

met hacr pal yners .and di hyl silicone polyners.

13 12, Hhie et Al G pRLbibe ppsideied nafogs Al netal or
propyl efgel ARAINrctd MIBARE 88 VA bbMES, diBpersions of hydrated alkali
nmer capt obenzot hi azol es, thiadi azol e derivatives, and

mer capsiieberatsd dispérsions ofldkaliiesgmethgnetalsbosatks pylyamide ashless
SUCC! 8 Ahd Bl S SRR SR B, v th ot her

Lubricating Oil Composition

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

minor amount of the lubricating oil additive composition.

The base oil employed may be any of a wide variety of oils of lubricating viscosity.
The base oil of lubricating viscosity used in such compositions may be mineral oils or
synthetic oils. A base oil having a viscosity of at least 2.5 ¢St at 40°C and a pour point
below 20°C, preferably at or below 0°C, is desirable. The base oils may be derived

from synthetic or natural sources.

Mineral oils for use as the base oil in this invention include, for example, paraffinic,
naphthenic and other oils that are ordinarily used in lubricating oil compositions.
Synthetic oils include, for example, both Hydrocarbon synthetic oils and synthetic
esters and mixtures thereof having the desired viscosity. Hydrocarbon synthetic oils

~ may include, for example, oils prepared from the polymerization of ethylene,
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conmpounds, al kenyl succini m des nodified by

post-treatnment with ethylene carbonate or boric acid,
esters of pol yal cohols and polyi sobut enyl succinic 10
anhydri de, phenate salicylates and their post-treated

I
PR R e G APRE. orilsabeisis Boop i sulh & pro€ecures.
matiag chiboRiRSoxidt SREhFdrossh gsePdushlab Rea PRA&ITIERSCH
bor at es, pol yam de_ashl ess dispersants and the [|ike

oPraseset Upaly! synthstie hy@rpggbms aile mclus liguiskpedemers gf eipha olefins
CHIRE W0yt Ut BRI SLly BY iFp BRIl gomers

i of €pfd Cﬁlaﬁ)hh olefink wivhi asat—@cﬂﬂeltrh@erpbﬂdbﬁnsef alkylebeapqice of proper
I ng ernal Stl on__engi nes, gears

a . .
t Vﬁﬁ%ws%ch Ty 1@9%}% Benzgne.ca bF gprd @aﬁﬁlﬂﬁvn&?qﬂc esters include the
C o)
SRSy 18 oo 27 B NSRBI Bt yony
28lkanoln andapadyols. ”Eg.fplctalh exdmyiles aratdidvgecy]ladipditi pq:m@rvthntol

B 2HRREST g TRy g e Y. Crplex estes

barParel Ifronf mhikifel Qﬁﬁioﬂg add aféﬁﬁdokyh@&ﬁ&is Arfdl sk and dihydroxy
conpositions may be mneral oils or synthetic oils. A

bakkenads tarralsd beyusedyvBlendsofipingfal ails ithsynthetle oiby araplsagesiul.
and a pour point 25 bel ow 20C, preferably at or bel ow
OC, is desirable. The base oils may be derived from

SYhiid) €iid Bas©bil Ba b keffed haRShin Ypa®add oifial rsﬁﬁsdrnaphﬂieﬁ& base
t he base oil in this invention include, for ex

p8Hl.aarfa synthetic hydsneasbon or nondhistrerarbast 9i5of lﬁhltlcaéqng VISCOSIty The
t

SO e e b BF hE A EREBAET e ar Bon

synthetic oils and synthetic esters and m xtures

t her eof fhavi the desired viscosity. Hydrocarbon
s%ﬁ@%@—&fﬁ&m&@ﬁ%@ for exanple, oils
p'Tﬁ@ ffpeidadifom) Ed?ﬁtlmmsit@tdf L ﬁfese%t Wk RRS: is4dded to an oil of

pol yal phaol™efin or oi l's prepared from

: hjﬂdrmmguﬂmosyntmwys)r@ﬁuwmhm;wtm qibeapapasigion. The lubricating

d d
o ﬁ %)g(llfﬂpﬁeﬁl g cHX r 0@8 gue %%’ég}prﬁ%g%, ﬁ]tsR%rﬁr{gyh/?g:ro&%mggothe present

Olihv@ndidifis l&% dlﬂea&!ﬂ o P eleHRIoF ifbralimhsod iRpérdshcyndudgrg
“the proper viscosity. Especially useful are the

hylispergansatos Bothiin ah dnteinabenmebustion epgingwhich comprigespgrating the
8lgﬁél'g%\zfétﬁgﬁehlblﬁgcﬁhn%%ﬁe&%ﬁorsitgﬁrof t}l'e' 1%%}4‘[1%% al kyl

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

fuel concentr\ate, using an inert stable oleophilic solvent boiling in the range of about
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viscosity, such as di dodecyl benzene, can be used.
Useful synthetic esters include the esters of

nonocar boxyl i ¢ aci ds and pol ycarboxylic acids, as well
as nono- hydroxy al kanol s and pol yols. Typica

C IO PRER: 5B APCE PhareH By Bl Hsclind 8 diel fuctrange

diPréferailys abafdbee opffarbhatit hy&oca@%mémrﬁﬁ@w shbh as a

prepared from m xtures of nono and di carboxylic acids

‘amgnaeppdolaprr, dykyepohigherdiilinmiremeties cilasgndie thinagrs.

Bl e S al so
u?gﬁ)ﬂﬁtlga%@O& Jﬁ% a@e%%tr?onc%\%ﬁﬁjg’ sbgﬁ? ei’fS!)}%e %é’r affin
t y@bu@hﬁﬂnmll n-batafisifand ek hilapihtdoaibiritibas6th I@rldfocaﬂfonaolvents are

ydrocar bon or non- h drocarbon oil of

theti
| a PuSE‘é*’c‘%?f‘ng’f PPl F}te;ﬁlehf’rﬁ’éltwa gueé) Foncenirate, the aweuyf of the
o HLE L DEbARRly ATehsES 2 OF WP b perk L lect 70 % by
c ovoght,i préferabbf freth & tp rﬁésaﬁdimompeatﬁrakﬂm frosn HltheZb o %an
oil of lubricating viscosity thereby producing a
l'ubricating oil conposition. The lubricating 20 oi

C qHR aSli iRt eMPIACHS pielﬁ@nté‘d‘ﬂi NBstratdBceMicehbodiments of this

- di spersancy. Accordingly, the present invention is

alinventon vk azeinotdo e wendiodd of anyyas limitngdhe scope of the

dlﬁge{sancy, sl udge di spersancy or both in an interna
18" on engi ne which conprises operating the

engine with the lubricating oil conposition of the

invention. 25 Optionally, the |ubricating oil additive

conposi tion described aboeX4MPIES used as a fue

24l bl MSREES T dIUBL: LB REORST concent rati on

chi eve the
desis gdmd eff hrggemhylivmyué@mmmobmmmeaqawa@ aem;mlm‘r average

. factor | udi ng_ the type of the nce., .,
ofnq%?q# Wi ﬁl‘ée}w@%ﬁb@mﬁ saam@ y iy, §3wg=rcont about 78%

I t
A RS B 8 43008 5 1 o

16quippetiOwitioggitatirgtemppratirs cprirolier bhd overhgadetoedertskeyarid igpgiver.

3 50 t JAN t he . addi L
Rt LPgEREehe B gl Busbateed 18 PeaBBictomt ¥ g icture
adedl hbat&l FRS0PE. TIaes of hhgstartdivére ¥&ﬁo&awsp9@hg1@5msdm3/mzn

may be formulated as a fuel concentrate, using a
i mroges thaggh the edphrd for 2kwit ae hewb difler Ay i thwtrpaﬂgwas fed to

SOeDRRG e o R LR R .8 B R ER anbyarde and

i he or dies
Pll 6iqirahs Yicuaml rb)ﬁbatn @5(0% salutiah G)\mhttbmehg/dfbmfad lsmmltaneous]y

S(i?cl) t\il% r;éac%:o?' oggreZ I"IOUSI"lSJ C,thg the maleic anhydride and dicumyl peroxide charging
.were finished, the temperature of the reactor was maintained at 150°C for another 1.5
hours. The reactor was heated to 190°C. During the heating of the reactor, the
pressure was gradually lowered to 20 mm Hg when the temperature of the reactor
reached 180°C. The temperature was held at 190°C and the pressure was held at 20
mm Hg for 1 hour during which 15 grams of condensate was collected. The product

was cooled and a yield of 2693 grams of copolymer (i) was obtained. The product had
a saponifcation number of 48,9 mg/KOH/g. '
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benzene, toluene, xylene or higher-boiling aromatics
or aromatic thinners. Aliphatic al cohols of about 3 to
8 carbon atons, such as isopropanol, 5 '
i sobutyl carbinol, n-butanol and the like in

.are also
L In. the fuel

C oIS gtamtoe‘hlghhﬁetﬁﬂwm]da{e ;tolnﬁsomkqlkmwé WinhinbeLaverage

ordinarily at least 5 %D ht and generally not

e ie@eqylay gveight (M) afi agpet 108 @flé a@tﬁﬂyyif’mmhde@etc@ntsot ofragout 76%
ng{‘vvﬁlc 15%0%91]0%11& %ﬁ ép %5 At an kf'igNrT thilQJopglV\fdag) was
exanpl es are ent e ustta e specitrc

e mhm@edrmrﬁ macnf)r dnldithe rehmewtxs héntalnd aae@paraturd 6f dlut 150°C. 589
construed, in any way as limting the scope of the
| R el aebomﬂgeed 51!5 452%?%39umylme feavised o the reactor

T
qhi Q+n¥v}]5€ﬁe§/t}1re fogel ﬂ'lal%ﬁli’ﬁedg{% 355 (for i urs after the maleic

nmet hy uty aving a nu
awashaide ambﬂEumlyhpermdg hte ohped of thabenstor 2BOreactdr was heated to

dene cont ent out 78%  (which jis
av"h?‘?{%ﬁb%«y PGP ENevastheg fi ?Leraﬁ 1 Prr")‘”dfoéb?)‘)‘e%?d&,‘ﬁtar ged
to a 4-L reactor equipped with agitator, tenperature

controller and over head condenser and receiver. 20
2iﬁamgkahs - hexadecene was al so charged to the

d h d .
0 bl entelin R Re Tty LRk oo & S0 mL

| S@ﬁirédfglﬁss roAdterO A RnbthEI0 L Aein Kindpe uﬁg@ l‘thr@bgwﬂ}e&éhctor

hour, After drying, the nitrogen was 5
r bgadspacerves dhasysiariedaTherepeiorwas heatedde 1BPTR- rthrv@e geactor

oo g DY, PO Tatins DOt B AT B A goms of

'S Ipniy[ﬁ)@BQQMﬂb—)to—2)5yp1©pylbﬁe)ﬁﬁ&ﬁﬁmem\adde&tohhﬂ reactoAbdqmentially.

t mal ei ¢ anhydride and dic per oxj de chargin
e TR e S PSR F ot P T e Pgsgire was then

e e R

t vacuupr @gdiiioas was: ngamdxmldl for BOmarnses. The fAchon tdmpatagsre was

the.t t t hed 180 Th
+ RS RR eliBerls PG B35 ma " ERESHFhreaRi o R renmplpte
atThe Geadfdr prostlde H1as adaih asdhcaubldmg m&hngf(at;lsfy afd ai¥ntghed for

condensate was col |l ected. The product was cool ed and
a J)mangenio rom9Be ryanaichEeneus (g'm@ the Jeagige. obt ai ned.
The product had a saponifcation nunber of 48.9

- my/ KOH g.

25

30

Examples C-H followed the process steps of Example A, which is disclosed below.
The conditions for Examples C-H are the same as in Example A, however, the
reactants and the amounts of the reactants are different. These amounts are set forth in

Table 1.

Example B
333.4 grams of Terpolymer PIBSA, as prepared in Example 1, were charged into a

500 mL stirred glass reactor. The reactor was heated to 160°C. When the reactor
temperature approached 160°C, 43.69 grams of Huntsman XTJ-501 (an ethylene
oxide and propylene oxide based polyoxyalkylenediamine), which may be purchased
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46 Exanple 2 - Preparation of PolyPl BSA ( Copol yrmer
(ii)) 4005 granms of high nethylvinylidene

pol yi sobut ene havi ng a nunber average nol ecul ar

wei ght NO of about 1000 and a nethyl vinylidene content

LTINS R T

a ré¢aRft! The rfGorttB@pEraRed Hhs M@ﬁtdﬁﬁhﬂtfﬁﬂaﬁéﬁq)&nﬁw@m ffinutes and
of about 150C. 589 grans maleic anhydride and 54.14

thewsthe reagtor priggsurwaseruedie ppproximaicly 2hempliy absypaintained for

g
T . t g

{ 38 rffFRplobibte Rluct B AP Hng o IBIdH, ThE Rcf prafe was
p éticoedselbtoamtbiath prgade tind 1 h2l geactdHunBeneadd Greawas

heaj e 0 about ,200C. The product s then filterge

{ BOBFVIBEPRG: B TRORe e E DR TR oGS o
TRTRRIr RS WaiRNE PRkED leefb RaeERIE (he e MBS ETRORLERSh mixture

into a 500 mL stirred glass reactor. A constant 180
mwasiheldnit aprogamapaly §60°Chioo 8¢ mintes. Tharsactor presse pias then
was, t h arted. The reactor was heated.to.160C

¢ RetBER o Ve e Fo oAby MR S5 ARG rllI6R The
ofyaslREeEoHdaInG P aihthiRfl f0F §PRodinately 2 hours. Analysis of the
pol y(oxyet hyl ene- co- oxypropyl ene) di am ne were added to
t produebiiowed Hde Qfélﬁﬂlinall-%&. M"/%l/'hlémgéfact ion mxture was

held at 160C for 1.5 hours. The reactor pressure was
then reduced to <20 mmHg (abs) to renbve any water
generated during the reaction. The vacuum conditions
were mai ntained for 30 mnutes. The reaction
tenperature was 20 mai ntai ned for another 16.5 hours
because the reaction appeared to be inconplete. The
reactor pressure was again reduced to <20 nmHg (abs)

and mai ntained for 30 mnutes to renove any water
generated during the reaction. Exanples CH foll owed

~the process steps of Exanple A, which is disclosed

bel ow. 25 The conditions for Exanples C-H are the
sane as in Exanple A however, the reactants and the
anounts of the reactants are different. These anobunts
are set forth in Table 1. Exanple B
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Aromatic
Compound

None

None

None

None

None

None

None

None

Polyether (g)

14.36
43.69
14.14

8.73

10.44
13.29

42.54

40.99

Polyether |
PEQ/PPO 1000

PEO/PPO 1000]

PEQ/PPO 1000

PEO 400

PEO 400

PEO 4060
PEOQ/PPO 1000

PEQ/PPO 1000

0
0
0
0
0
0
0

0

100
33335

100

115

110

105
322.18

-propvleneamine

_,
.

312.78
1000 g/mol poly(oxyethylene-co-oxypropylene)diamine

Example 1

Example 1

Example 2

Example 2

Example 2

Example 1

N-Aminopropyimorpholine

Dodecylamine
= Dimethylamino-1
Heavy Polyamine

ExampleCopolymernCopolymer (g)PIBSA (g)

A - [Example |

B
C
D

E
F

G

H |Example |
PEQ 400 =400 g/mol polyethyleneoxide diamine

PEO/PPO 1000
DDA

DMAPA

NAPM
HPA

5
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QECx’ampIes% %)(,E CF Jand(i-fE hlclfl exemp lfy the h%ncatmg 01|1:'a(5\<!lithve
composition of the present invention, were evaluated for percent viscosity increase
using a soot thickening bench test, which measures the ability of the formulation to
disperse and control viscosity increase resulting from the addition of carbon black, a
soot surrogate. Using the soot thickening bench test, the viscosity of a fresh oil is
measured in centistokes. The fresh oil is then treated with 2 wt% Vulcan XC 72R
carbon black, supplied by Columbia Chemical Co., to form a mixture containing
approximately 2 grams Vulcan XC72R carbon black and 98 grams fresh oil (test oil).
The test oil, which contains carbon black, is then left to sit overnight. It is then
homogenized using a high speed tissue homogenizer for approximately 60 seconds to
thoroughly mix the carbon black with the fresh oil. The resulting test oil containing
carbon black is then degassed at 100°C for 30 minutes. The viscosity of the oil
‘containing carbon black is measured according to methods that are well known in the
art. The percent viscosity increase is calculated according to the following formula:

% viscosity increase = {(ViSepo - ViSg)/(Visg,) x 100]

ViSgpo: Viscosity of carbon black in oil

visg:  viscosity of fresh oil |
Using the soot thickening bench test, the percent viscosity increase calculated for the
additive composition of Examples A, B, C, G, and H in a formulated oil was
compared to a formulated oil that does not contain the lubricating oil additive
composition of the present invention. Thé formulated oil of the present invention
comprises 0.66 wt% of an oxidation inhibitor package, 0.33 wt% pour point
depressant, 4.07 wt% of a calcium based detergent package containing a phenate and
sulfonates, 2.41 wt% zinc dithiophosphate, 0.03 wt% foam inhibitor, 7.7 wt%
viscosity index improver and 85.10 wi% of a lube oil blend which is a mixture of

_ basestocks that consists of 69.24 wt% Exxon150N oil, and 30.76 wt% Exxon600N oil
(all of which may be purchased from ExxonMobil Corporation, Fairfax, Virginia) to -
provide the comparative oil formulation. To prepare the formulated lubricating oil
composition of the present invention, approximately 7.6 wi% of the additive

~composition of Examples A, B, C, G, and H were top treated to the formulated

comparison oil.
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wULl wD=wd C) 7- ox Exanples A, B, C, G and H,
whi ch exenplify the lubricating oil additive
conposition of the pr esent i nventi on, were eval uated

f e Vi Sco usi ng a, sqQot
tﬂ?le%‘éﬁﬁﬁg e set tﬁl@gﬂm QAR T AEL ?}?@SMW?%- of
the fornmulation to disperse and contral viscosity
increase resulting fromthe addition of carbon bl ack,
a 5 soot surrogdtde 2t8¢etJhidkenimgdienchiledtuisnls bench
test, the viscosijty Bxamald r es¥ Vistositg Ingressured in
centistokes. The [freshaoil i|s thenzgspated With 2 wt%
Vul can XC 72R cgrbon Brack,| Suppl j£g; by Collunbia .
Chem cal Co., to form mxture LU@B@ n| ng
approxi mately 2 gramrs—Nulcan—XCcr2R, "é’is ber—bhack and 98
grans fresh oil (ftest—pi)——|Fhe-t&st —whi ch
contains carbon hlack “-is then |ef 589 sit gver ni ght.
It is then 10 hordWeRisperanisi ng a HPH speed tissue
honogeni zer for approximately 60 seconds to

e PRl ¥ g SocrdFiob v e e indhicate rabihe bR Niscosit
t iRRcadegans 8 1abriddlE ol 0d e @bﬁiﬁbﬁﬁon Ih@e presemShientioh was

the oil containing carbon black is nmeasured according

t dowasthinsdbe persentarssosiel inclenssin 4 fieronlatedaik thatghd not contain a

p | here a 0
e I e

[ pprotidately aDBHVA bRy knctdded. Thid ﬁ@tﬁﬁdxcwﬁ thasihe Yulgfcating oil
carbon black in oi|l visf: viscosjty of fresh oil Using

t RS eormprsiticirntribe Preprt invsation hafesed disprtsany @%’é’ﬂﬁl
increase calculated for the additive conposition of
Exanmples A, B, C G and Hin a fornulated oil was 20

c tnp andstbod that aithmnghhﬂnﬁiﬁndaltionmmd et omotf thoinvanton daa be

| um%% S\:z\rltthlongcka(i))lml't1ng%rdom the spirit and scope thereof, only such limitations should

‘be imposed as are indicated in the appended claims.
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conposition of the present invention. The formnul ated
oil of the present invention conprises 0.66 w% of an
oxi dation inhibitor package, 0.33 wt % pour point
depressant, 4.07 w % of a cal ci um based det er gent
package containing a phenate and sulfonates, 2.41 wt%
Zi Lt gg_e, 0.03 mt% foaminhibitor, 7.7 wt%
e#>i mprover and 85.10 wt % of a | ube
oil blend which is a m xture of basestocks that
consists of 69.24 wt % Exxogjﬂ S0ON oi I, and 30.76 wt%
BElx on6@anibsdluble dubiricatfingwil additres/cdrepasitiontraepsaed ot process
Exxon L, Corporatiqn, Fairfax, Virginia) to provide
t he cg/g"pécrha(iolm\ﬂ@ls%s( ﬁea‘%ﬂgrml ation. To prepare the
formul ated lubricating oil conposition of the present
i nvention, approximately 7.6 wt% of the additive 30
conposi4} onableasteappf s fallovang copatymsisy H wer e t op
treated to the fornmulated conparison oil. 50 The
results of the soot thickening bench test are _
sumari zed (i) Tablcepdymerslithiae@by Heetadidul célymeriteion lof
Test Results Exanple % Viscosjty Increase A 36.51 B
42.24 C 38.9 GSEBOmENtSGOMYBISHEIgNy Di spersant 283.9 5
The results of the soot ‘thickening bench test indicate
that the percent viscosity increase using the
| ubricating oil &jdit atleast onpo®nbétbplenicalihensahveatedt

i nvention was | ower t he rcent vi.scosit

increase in a forml a?g%ﬂbfnpn?‘t%_é\ Oxéf,}a agider EYf 'i‘FWofa or
lubricating oil additicyg,c@neskioRidhanhiBidelopeaBt thereof;
i nvention, which yielded approxinmately a 284%

viscosity increase. This test indicates that the

| ubricating oil addj t.i i tion.

i nvention has goébg di gtlgﬁégﬁg?ﬁ%‘gneﬁrﬁ@%s%% %&iﬁgmoegﬁ%bon

understood that althougmsrat feagiaine @oBoddith soatprairigabeut 4 to

of the invention can be . .
360 carbon atoms and having a terminal

copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures

thereof;, and

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

selected from the group consisting of:

() an alkyl vinyl ether and an ally! alkyl ether where
the alkyl group is hydroxyl, amine, dialkylamino
or alkoxy substituted or is unsubstituted, and
containing from about 1 to about 40 carbon

atoms;
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made wi thout departing fromthe spirit and scope
thereof, only such limtations should be inposed as
are indicated in the appended clains. 15 51 WHAT IS
CLAIMED I'S: 1. An oil-soluble lubricating oil additive
conposi tion prepared by the process which conprises
reacting 5 (A) at |east one of the follown

copol yners: (i) a copd}lynem &bt éﬁﬁ@‘da%l)ﬂnfhl'@g(ﬂ%idéﬁfa

- copol yneri zati on of CoNPQR&E et g%%ggpgghgggm%gé&ﬁk»%}
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| east one nonoet hyl eni cal I'y uns
nmonocar boxylic acid or estchcrarbd)mheaﬁm o fronCdbdii 8 to about

di carboxylic -acid, anhydri ester her
at | east one 1-ol efin cong ?’%"f AP Qrett ﬁlbyléélpéfﬁfﬁem

atoms or at |east one pol %héﬁﬂsrﬁcﬁﬁﬁp&dﬁ'tGQbé\R%tca{%oh%toms
360 carbon atons and haV|ng a term nal

copol yneri zabl e group in the formof a vinyl,

vi nyl i dene or al kyl nyl i d es ,20
thereof; and (c) at r@asta%ﬁg Hgﬁgﬁﬁé ﬁk5% gﬁﬂ%“:mndSOf
which is copolynerizabl effdhiibohhﬁtd%b@ﬂﬂ:ﬁrb@ﬁ afodds; and

5

(b) and is selected fromthe group consisting of:

(1) an al kyl vinyl ether and an aIIyI al kyl et her

where the alkyl gro Lol i ..
di al kyl ami no or al k ﬁxgstl gstgpfelﬁgntrogen contaimng

unsubstituted, and , heterocychc compound; and

- (5) at least one I-olefin comprising about
2 10 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 alky! vinylidene
group or mixtures thereof, provided that the olefin

employed is not the same as the olefin employed

in (i)(b);

(ii) a copolymer obtained by reacting compound (i){(a) and

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

(iii)  a copolymer obtained by (a) reacting compound (i)(a) with
compound (i)(b) or (i)(c) iﬁ a non-free radical catalyzed
reaction in the presence of copolymer (i) or copolymer (3i) or
both; or by (b) conlacting copolymer (i) or copolymer (i1) or
both with the non-free radical catalyzed reaction product of

compound (i)(a) and compound (i)(b) or (i)(c); with
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contai ning fromabout | to about 40 carbon 30 atons;
52 (2) an al kyl amine and an N-al kyl am de of a

nonoet hyl eni cal | y unsaturated nono- or dicarboxylic
acid of fromabout 3 to about 10 carbon atons where
t he al kyl substituent 5 contains fromabout | to about
40 carbon atons; (3) an N-vinyl carboxam de of

car boxy{lB(?C aé’t'iéia%t &te ctflér%rg'ygst QHg czﬁ:aﬁ% o‘?lggfﬁ% r8act & AR at least two

at ons N-vi nyl
ni trogen-co nmnmarig)xyhenedmoycﬂtarmtmmmﬁmn rwith a@nehs( BYo at

| east one | about o car.bon
atons or at ?8 W@C%P Vﬂ'lya%p?? Orfﬁte&f |°ﬁ§métb‘6‘i§tthere°f
4 to about 360 car bon atons and having a term nal
copol yneri zabl e group.in the formof a vinyl,
Svinylidépe ot leaskgme aliphatic d@naoungrlmuqng@t lemsbarmrfemctlonal group

' ggﬁgeg; t ﬁreo(Yé%pg@gﬁ%E?a?tﬁP%ge %Z”S a%toﬁ ?;‘F%O}éar PT()?IC aCId or ester
. copol yner —obfhaiedfbr Bicaftagtié Red CARPAIRor(dsic Meredtd

conpound(i)(b) in the presence of a free radical
initiator; 25 (iii) a copol yner obtained by (a)

reacti ”*Fh&fﬁ%HQé:th dil Adaftl vevt\goFIﬂmg?gF 8;‘ glg ) &vg%rem the at least one

(i)(c) in a non-free radica Cat reaction
10t he pr e&hmnqﬁ)unab(ﬁ)) iy selected froar the gﬁﬂipmﬁ{pr{sing)anmther polyamine,

bot h; b ontacting copoly 0
(ii) or? PB%?'% %ﬁm% h wth@eam!a@ a@ahoicapalyyﬁ»@aammo thiol, and
reacti ogppl?, Hcﬁo}pgl 30 compound (i)(a) and conpound
(i)(b) or (i)(
3. The lubricating oil additive composition of claim 1 or 2, wherein the at least one

i~

15 aliphatic compound has one functional group capable of reacting with a
monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or ester

thereof,

4. The lubricating oil additive composition of claim 1 or 2, whereiﬁ the at least one
20. aliphatic compound has more than one functional group capable of reacting
with a monocarboxylic acid or ester thereof, or dicarboxylic acid, anhydride or
ester thereof.
- 5. The lubricating oil additive composition of any one of claims 1 to 4, wherein in copolymer
95 (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).

6. The lubricating oil additive composition of claim 1 or 2, wherein the at least one

30 ether compound (B) is a polyether polyamine.
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53 (B) at |east one ether conpound capabl e of being
reacted with at |east two nonocarboxylic acids or

esters thereof, or with at |east two dicarboxylic

aci ds, anhydrides or esters thereof, or m xtures

thereof; 5 (C) at |east one allphatlc compound havi ng

at Ieast one functional group capable of reacting

wi th at Tirg .

ther cof ,oaericaly SARGR et udti gl ENiEkin e polyether
- t her eof PObanﬁh@lslmﬂulym@aikglyne diandidelivheren emolmkkglcme QnRit

of cl ai rein th t her conpound
(B) is ThuieBf Fonait mg%beugf Ef’o??’ﬁﬂ ifﬁfﬁgmaﬁoglﬁher
_polyam ne, a polyether polyam ne, a polyether am no

al cohol ,__a polyether anmno thiol, and a polyether
Jpoldyol . "Bhe Igbricating pil @édl‘hng cemposiidafi of er:ﬂrrx:bwbcxsutﬁm nxydlkylene
claiml n the 0 atic
compound s iSRG hafbropSfige. &5%1%@3&3@1’? sct i ng

wi th a nonocarboxylic acid or ester thereof,

di c8r Bhelubricating dil additiyelsdmimsisioned by ond ¢felni 1 té4 Wwheein the
l'ubricating oil additive conposition of claim1 or 2,
wher eicop¢lymenis copalgtenfie  20. al i phati ¢ conpound has

nore than one functional group capable of reacting

10wi th car. box‘yfl ic acid or ester thereof, or ) '
di c i 38&3&@3%& il adgitiyasanenosision of gnxena ofelasns | 14, Wheein the
| ubricating oil additive conposition of any one of
¢l ai msonolywens cop@dymien(i)n copol yner 25 (iii)(b), said
copol ynmer (i) or copolyner (ii) or both are contacted
with the non-free radical catalyzed reaction product

? h eﬁg :rg . gglgﬁ%ﬁ% Sﬁ_%gﬂléﬁ?g%%?gsnéor? étﬁéa o lﬁ %&g?nr@galypqer (i) is
15addi ti veyo@PTBSAl bbtaihe@by hedr&d hdRhl t?atalj@:ﬁrr@écﬁoh € ndleic
| east one 30 ef her conmpound (B) is a polyet

pol yani rfahydrideand pelyisabbtyitenst i ng oi | addit | ve
conmposition of claim®6, wherein the polyether

plolk yzlarmu murfs:tatmgoal ydaxanal doydporiBofl bRa¥y EheWIR 8hE 1 €28 Rvherein the
- dl Kyl ene unl

copolymer is copolymer (iif).

20

13. The lubricating oil additive composition of any one of claims 1 to 4, wherein the aliphatic

compound is an amino aliphatic compound.

14.  The lubricating oil additive composition of claim 13 wherein the amino
25 aliphatic compound is selected from the group consisting of aliphatic
monoamines, aliphatic diamines, aliphatic polyamines and polyalkylene

polyamines.

15.  The lubricating oil additive composition of claim 14 wherein the aliphatic

30 _ compound is an aliphatic diamine.’

55



.25

i ndi vidually contains fromabout 2 to about 5 carbon
atons. 5 8. The lubricating oil additive conposition

of claim7 wherein the oxyal kylene nviety is

oxyet hyl ene or oxypropyl ene, or mxtures thereof. 9.

The lubricating oil additive conposition of any one of
clainme 1 to 4, wherein the copolyner is copolymer

(i)16- 10 T luliieatingoiliadditive gompbsiaetdot d1xien CORSE I thOMiphatic
of any %R pgigh?%%g | to.4, wherein the copolymer i's
copol yrrergf‘lni 3 Nei-diefid aming ¢thylamyieg, &, N-diethiykamiao propylamine,
conposi tN didigdetip) aidih ' 0P £ (hi) iS5, 15

pol yPI BSA, obté?%ed 6§9¥ﬁgﬁ§@éerﬁéﬁ?éﬁﬁ£@%§%P§@@Hhﬂ°
reaction of maleic anhydride and polyi sobutyl ene. 12.

Thg~l ubrg | 1 ..0i | .additive conposition of any one of
31 o T abby e oSk pouR ey 14 Shetspep siphati
(iii). 20mb3undBengebfalisaddetdRklin@ddi tive conposition

of any one of clains 1 to 4, erein the aliphatic
conmpound is an ami no aliphatic conmpound. 14. The

| ubd$-cabs gricitingadididtiitive compisitiirt 6oy ke 6F AhimslBto 4, wherein compound
wherein the amno 25 aliphatic conpound is sel ected

fr om (&) gf culynersi)ds polgisohutee AR ahuniTRP AT -
paliphatic diamnes, aliphatic golya%fhggngﬁd égﬁhkmuhr“wuﬁn(N%)Of

pol yalfiopt strrt 1 pPloy:@Bit o, 15. The | ubricating oi
additive conposition of claim14 wherein the aliphatic

30 conpound is an aliphatic diamne. 55 16. The

| ubPi cat Thegubiitating diltadditive ebP@ssitib®bf Eifing | RiwReh the number
wher ei na%]g al i qualt@' C gglﬁem ne is N, N-diethyl am no

et hyl ant né - sNROFCBeh Ve ek Mo 1Hfremyabant $R0 to about 3000.

N, N-di met hyl am no propyl am ne or 1, 3-an nopropyl

15 ™ holine. 5 17. The lubricating oil additive
3 cofosi The fnbsicatiug oiladditivacdnmsitldnaifatdim 190wh@eink: isnber

an pol y%&xéee&gleg&lay evgfgﬂ?(Mn) 1s from about 1000 to about 2500.

" 21. The lubricating oil additive composition of any one of claims 1 to 4, wherein ()a)isa

dicarboxylic acid, anhydride or ester thereof.

20
22.  The lubricating oil additive composition of claim 21 wherein wherein (i)(a) is
maleic anhydride or ester thereof. |
23. The lubricating oil additive composition of any one of claims 1 to 4, wherein the

monoolefin of (i)(c) is a 1-olefin,
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18. The lubricating oil additive conposition of any
one of clains Ito 4, wherein conpound (i) (b) of
copolymer (i) is polyisobutene having a nunber average
nol ecul ar weight (Me) of 10 from about 112 to about
5000. 19. The lubricating oil additive conposition of

cl.aim 18 erein.fhe nunber avera ol ecul r wei gh
Co " b ishil e e s S ganaonagput of 4T o St

I ubri caiurR@tiRg Visaskty hhy 8 naasPAabint 0P tRflubridaling &9 additive

wherein the nunber "“average nol ecul ar weight (M) is

f r om alsounpositiopreparsd by ttheBooess avhichTenanprises regelingng oi |
addi tive conposition of any one of clainms 1 to 4,
wherein (i)(a) is a dicarboxylic acid, anhydride or

ester Yhpreat leaé’chEZ;fth'Eh’ellbwngldbpbllyﬂ@r@I | additive
conmposi tion of claim2l wherein wherein (i)(a) is

mal ei ¢ anhydri de or ester thereof. 23. The lubricating
oi | additives,co ' JAEY thefiShtthn of
wher ei n the%) m%%ggl;ygj;élr ﬁgtgﬁgyib??%)eqé%gg%w%?’ef 1|tln. ISlé)
24. A | ubri cati ngonipbnagsiespiiisieny conpri sing a naj or
anmount of an oil of lubricating viscosity and a mi nor
amount of the lubricating oil additive conposition

prepared by the Q%})Oce%ﬂe‘ﬁ@l'cﬁx'@ n?&faemyﬁe%&an%ﬁ&meé (A
at |l east one of the follow ng copolynmers:” (i)

copol yner obt ai ned by Gsrfégmcmdcarhﬁx)dwm@iwwzﬁﬂ@ﬁ af
conponent s Conpr|S|ng

monoet hyl eni cal | y uns£41(?;é§1a:)arb0& €334 rﬁl}ﬁg%ré ebor ester thereof

acid or ester thereof, or C4-C28 dicarboxylic aC| d

anhydride or ester thereof (b) at |east one 1-aqle
conprisi ng about () t o atipastangdroletin campriging bot 2It%$9Farb°n

one’ pol yol ef i n_compr i 36 APQYlasfocbolHAMS ASARAY St 4 o

and having a term nal
360 carbon atoms and having a terminal

~ copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures

thereof; and

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

~ selected from the group consisting of:

(1 an alkyl vinyl ether and an allyl alkyl ether where
the alkyl group is hydroxyl, amino, dialkylamino
or alkoxy substituted or is unsubstitated, and
containing from about ! to about 40 carbon

atoms;

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

monoethylenically unsaturated mono- or
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copol yneri zabl e group in the formof a vinyl,

vi nyl i dene or al kyl vinylidene group or m xtures
thereof; and 20 (c) at |east one nonool efin conpound
which is copolynerizable with the nononmers of (a) and
(b) and is selected fromthe group consisting of. 25

(1) an alkyl vinyl ether a d ] 1yl
where the alkyl group is %()acac aijr{%}/mal?out%toabout

di al kyl amino or al koxy Suﬁﬁ(t,a!rlgdﬂeﬁgmg’ﬂwﬂe% the alkyl substituent
unsubstituted, and containing fromabout | toabout

40 carbon atons; 30 (2) entapkiydmahbutd aréouird0 carbon atoms;
N-al kyl am de of a nonoethyl enically unsaturated nono-
or 57 dicarboxylic acid of fromabout 3 to about 10

carbon atons where ti® al lsyIN-sigRatdotemide sTeBfbdk e acids of
fromabout | to about 40 carbon atons; 5 (3) an

N-vi nyl car boxani de of car Boxyabat 3¢e deow Cafhoérﬁ%ut

| to about 8 carbon atons; (4) an N-vinyl substituted
ni~t r ogen- cont ai ni ng heterocyclic compound; and 10 (5)
at | east one 1-ol efi comaniNsvingl albetituted fivogd-catdiing
atons or at | east one pol ¥10| efin, conprising about 4
to about 360 carbon at ons "CEHREYREG ?%@P%‘“Esieﬁ“m nal

copol yneri zabl e group in

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

employed is not the same as the olefin employed |

in (i)(b);

(ii) a copolymer obtained by reacting compound (i}(a) and

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

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

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

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

dicarboxylic acids, anhydrides or esters thereof, or mixtures thereof;
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15 the formof a vinyl, vinylidene or alkyl vinylidene
group or m xtures thereof, provided that the olefin

enpl oyed is not the sanme as the olefin enployed in
(i)(b); 20 (ii) a copolyner obtained by reacting

conmpound (i)(a) and conpound(i)(b) in the presence of

a free radical initiator; (iii) a copolyner obtained

by (a) (@nct hrigast on@alipiati¢ ichfpbund hdvioamenehe(fuhétinal group
or (i)(c) in a Eon free radlcal catal yzed 25 react.ion

in the pr eseﬁ‘%ﬂ? lsrof sesting math qtulyaSbﬁnecIa@@ﬂcme agid gF ester
bot h; or ﬁ@eo‘?%ﬁiﬁ&}ﬂ) cs _11?91@‘& 1‘1(1%5 br ertcrctﬂé}% er

(ii) or both wth t ree r i cal cataly
reacti on product of conpound (i)(a) and conpound

5 Coffound e e %@?ﬁ%ﬁﬁ@%@f@@'ﬁﬁ heiaers Shec lagipre cther
ronocar phiifd (BGE lé%fedeﬁ&ﬁrtﬁe &b ek nﬁﬁ ¥ EfheRbolyamine, a
b g de 9 e é’

| east two ~dicarboxylic acids, es or este :
t her eof polyether pelyareie; hipolgcther ﬁﬁm(o@)cohbl b @alyethenemino thiol, and a

al i phat i nd having at |east one functiona
group Sigggppqureactlng with at | east one

nmonocar boxylic acid or ester thereof, or dicarboxylic

aci de '?F@Mgﬁé g 31 b ?S&u&&@f ﬁﬁ’ifm 245012§5 W-i'-llal%ln the at le%st one aliphatic

lolubrlca I Ng OI COfT'pO tron claim?2 wher el n

at | east,f one glﬁw 181%1 r&@ n%aﬁéb%%lf?eacﬁls%%tﬁry the

group conp |S|ng an
pol yam meonosarbedyfietabirloraiien ﬂlﬁ&é&@&&ilcaraoﬁ@ic)aeid;l efihydride or ester
amno. thiol, and a polyether polyol. 10 26., The
Iubrlcaﬁhﬁ330|l conposition of claim24 or 25 wherein
the at l-east one aliphatic conmpound has one
functional group capable of reacting with a

15 na'éaTbmbupnmtlna@nlc;ompoagmpf ¢lpist %f’f 2% whgreimihs @klppst @ne aliphatic

acid, anhydri de or ester r eof
ibr | aCPHEOUH a0 S i peiina) Ryl Capeblof g it
-t .he at | iR@RkaBbRyIRl dcRhéf dsfer thereof, or dicarboxylic acid, anhydride or ester
| thereof.

20  28. The lubricating oil composition.of any one of claims 24 to 27, wherein in copolymer
(ii1)(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).

25 29. The lubricating oil composition of claim 24 or 25, wherein the at least one ether

compound (B) 1s a polyether polyamine.
30.  The lubricating oil composition of claim 29, wherein the polyether polyamine

isa i_)olyoxyalkylene diamine wherein each alkylene unit individually contains

30 from about 2 to about 5 carbon atoms.
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conpound has nore than one functional group capabl e of
reacting wwth a nonocarboxylic acid or ester thereof,

or dicarboxylic acid, anhydride or ester thereof. 20

28. The lubricating oil conposition of any one of

clainms 24 to 27, wherein in copolynmer (iii)(b), said

copol ynmer (i) or copolyner (ii) or both are contacted

wi 83, t h&hedubrichtigeoil tatpatoncalicidinZ3hwh&aiaithOfx g MHimoiety is
of compound. (i) (a) and conpound (i)(b) or (i)(c) in

the pr QSEsihEeRF oraxypoRelene. comixpsestbererhie | ubri cating

oil conposition of claim?24 or 25, wherein the at

| ea e, et.her onmpoun B is a | yether . )
ol 3 ReluBHging o0 PRBPT st P ief B 7, wherein the copolymer s
5claing, wherein the pol yether polyamne is a
2 pol yox§HORPRERB- di ani ne wherein each al kyl ene unit
i ndividually contains 30 fromabout 2 to about 5
carbon atons. 59 31. The lubricating oil conposition
of @&Bailhe Bbrivaimeeilronipesitiny af 4yl e et ploinet 34 fo7, wherein the copolymer is
oxyet hyl ene or oxypropyl ene, or nixtures thereof. 32.
The | ubsdotyatdrrig).oi | conposition of any one of clains
24 to 27, wherein the copolynmer is .5 copolyner (i).
33.. The |ubricating oil conposition of any one of

10¢| dttns  ddeduprizatingpib eenpositinn afbaimyifewhérsin copplymenéii) is
(ihi). .1 he.l.ubricati okl composi,tiopn of .claim
55 her ESHPABSAT bRl by el Bho BRAIRAR iR Bo R0 B le
t he freanhyitideahd palyRbpaitnecacti on of maleic
anhydri de and pol yi sobutyl ene. 35. The lubricating oi
conposition of any one of clainms 24 to 27, wherein the
coddl yiedutirgatiigsoit apapogitien of kiy yne @@ laimik @4 fubt, mdwtdimthe copolymer is
oil conposition of any one of clains 24 to 27, wherein

15t he akdpehyakdrgiii)compound is an amino aliphatic
compound. 20 37. The l.ubricating oil conposition of
claim 36 wherein the am no aliphatic conmpound is

sel oUGd g RS G BRIV a5 b1 aifdh RRAET, Gwherein the aliphatie

compound is an amino aliphatic compound.

20 - 37.  The lubricating oil composition of claim 36 wherein the amino aliphatic
compound is selected from the group consisting of aliphatic monoamines,

aliphatic diamines, aliphatic polyamines and polyalkylene polyamines.

38.  The lubricating oil composition of claim 37 wherein the aliphatic compound 1s

25 an aliphatic diamine.

39.  The lubricating oil composition of claim 38 wherein the aliphatic diamine is
N,N-diethyl amino ethylamine, N,N-diethyl amino propylamine, N,N-
dimeth)ﬂ amino propylamine or 1,3-aminopropyl morpheline. '

30
40.  The lubricating oil composition of 37, wherein the aliphatic compound is an

polyalkylene polyamine.
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al i phatic diam nes, aliphatic polyam nes and

pol yal kyl ene pol yam nes. 38. The lubricating oil

conmposition of claim 37 wherein the aliphatic conmpound

is 25 an aliphatic diamne. 39. The l|ubricating oi

conposition of claim38 wherein the aliphatic.diam ne

is N, Ndiethyl am no ethylam ne, N, N-diethyl am no

propyl am ne, N, N- di nethyl am no propyl am ne or

1, 3; 0 oy, hol i.ne. 40, . i cati i | 4 ()b

| con%ﬁ?.fﬁ. BiyRBiing PR Psel.ﬂﬁn pfi e sh Afisht 202 (B bompound (1)
an 60. 41 The | ubricatin

corrpogf ?W%?ﬁhﬁp%ﬁéo en(‘f hayipg asympEr Bysrasgingiedy rSleight (M) of from
compound (b of copolymer (i) is polyisobutene

havi ng® ‘%%lt& %rﬁ’eﬁbo&‘i/@ro Bge nol ecul ar wei ght (M) of from

about 112 to about 5000. 5 42. The | ubricati ng 0|I

conposi t TRMyBficdting flofcialt§ 4

nol ecul ar ng g% “?r\‘ﬂ‘%?“é’ ?igmoa %ut g%@to a out 3 ave.ragc

43. The rolbrilaatdigiy (b1,) isdompabkaitison toodbont 2000. 42

wherei n the nunber average 10 nol ecul ar weight (M)

_is fromabout 1000 to about 2500. 44. The |ubricating

Oi 143¢ ONPRRBIBRAGRE oA BIMPEEHEH oIANE Wilerbi (RE nuBer Klefuge
(i)(a) is a dicarboxylic acid, anhydride or ester

10t her eof .malgoukes weighs (Mabisi foern izbept d0D00 tackbiont 2400.
conmposition of claim44 wherein wherein (i)(a) is
mal ei ¢ anhydride or ester thereof. 46. The | ubricating

oi | 44; oTRAGbridaBRg 61l caiyosith ifanG baé oBclZithst?a 1827, Mﬁ@élﬂ' f)(a)is a
the nmonoolefin of (i)(c) is a 1-olefin. 20 47.

et hodyiQfrb a1kt B8 d 2anhyidLortebiRPnRidhr.addi tive

conposi tion which conprises reacting (A) at |east one

of the follow ng copol yners: _
15 45, The lubricating oil additive composition of claim 44 wherein wherein (i)(a) is

(%]

maleic anhydride or ester thereof.

-

- 46, The lubricating oil composition of any one of claims 24 to 27, wherein the monoolefin of

(iXc) is a 1-olefin.

20
47. A method of making a lubricating oil additive composition which comprises

reacting
(A)  atleast one of the following copolymers:

s .

@ a copolymer obtained by free radical copolymerization of
components Comprising:
(a) at least one rﬁonoethjzlenically unsaturated
30 - C3-Cag monocarboxylic acid or ester thereof, or a

C4~Cas dicarboxylic acid, anhydride or ester thereof;
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25 (i) a copol yner obtained by free radica

copol yneri zation of conponents conprising: (a) at

| east one nonoet hyl enically unsaturated 30 C3-C28
nonocar boxylic acid or ester thereof, or a C4-C28

di carboxylic acid, anhydride or ester thereof; 61 (b)

at least one I -qolefin rrpr|S| g.about 2t 40 car
atons or at |eastPhne %gqaﬁt&ﬂ@fuﬁe%?ﬁmrﬁwobg%%fo ?36 on

360 carbon atoms and %Q&a@léa@trdﬂe?ﬁ goleﬁn compnsmg about
copol yneri zabl e group 1n the formo ,

vinyl i dene or al kyl- vi4dnipl3i66 e mdoy aiouys apd havmgart@mmal

th f, and t |east | ef i

Wi ch i 5 “copol ymer i 2 SOPUY TR OHOHLNE FEPbTt § P and

(b) and- 10 is select Gﬂnyﬁfd@ﬁ@&ﬁh@k)ﬂﬁrm&ﬂld&%‘%&bﬁébﬂ%@&res
y

(1) an al kyl vinyl ether and an allyl et her
where the al kyl group thaesfyardxyl , am no

di al kyl am no or al koxy substituted or is 15
unsubstituted, and containing fromabout | to about

40 carbon atoms; (€)2) anleabtiont nelbolefibempsund which is
N-al kyl am de of a nonoet hyI eni_cal I% unsat ur at ed nono
or 20 dicarboxylic acPBRelymerzabls with the monamesnel (@) aust (b) and

carbon atons where theg %élé(%c{dbﬁdm%e&%&@ﬂ‘éo(nggéﬂﬂéﬁf ns

fromabout | to about 4

N-vi nyl car boxam de of carboxylic acids of 25 from

about | to about 8 Car( on at Oﬂgl vinyl ether and an allyl alkyl ether
where the alkyl group is hydroxyl, amino,
dialkylamino or alkoxy substituted or is
unsubstituted, and containing from about

1 to about 40 carbon atoms;

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

contains from about 1 to about 40 carbon atoms;

3) an N-vinylcarboxamide of carboxylic acids of

from about 1 to about 8 carbon atoms;

(4) an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

(5 at least one 1-olefin comprising about
210 40 carbon atoms or at least one polyolefin

comprising about 4 to about 360 carbon atoms
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- (4) an N-vinyl substituted nitrogen-containing
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het erocyclic conpound; and 30 (5) at |east one |

-ol efin conprising about 2 to 40 carbon atons or at

| east one polyolefin conprising about 4 to about 360
carbon atons 62 and havi ng a term nal copol ynerizabl e
group in the formof a vin V|nI|dea§\9or al k

vinyl i dene group or mxtur {hﬁ‘é‘P% flermip p%gne%ﬂe group in

the ol efin enployed is not tﬁ@%n%%v%%ltﬂﬁylﬁieﬁle%fhlﬁy]
enmployed in (i)(b); (iii) a copolyner "obtal ned

reacting conpound (i){(a) anmlylmicrmgmnpl()rl)né)mlresmqrm provided
presence of a free radical jnitiateor; 10 iii% a

copol yner obt ai ned by (a) déagé{‘eiaﬁp%%rﬁﬁ%’ﬁﬁéls('} {iysame as the
wi th conpound (i) (b) or (i)dén dmplaydaan(hage radi cal

catal yzed reaction in the presence of copolynmer (i)

or copol yner (||) or both; or by (b) contacting

copol yrmer ( A% t
non-free rac@ig z%ga trglélgétb 5?1“?)?%% %6&1“1 (B@ and
conpound (i) (a) anﬂlpﬁmmm(b)dn (He)rtsenar of(d frdeoipdlical inhiator;
(B) at | east one ether conpound capabl e of being

reacted with at |east two nonocarboxylic acids or

esters ther Sﬁ’x? de%rco gnleﬂ)bﬂaﬁf% %gt(g%ﬁe%c?l'n%%fymﬁﬂﬁd @)(a) with

aci ds, anhydr sters ther xtu
t hereof, 20 (C) abmipeast (i}ﬁh)soﬂli)i(qz)hma inonffmﬁp&imd chtalyized
at |east one functianal

with at |east ond&*4HAB &‘ﬁé‘}i PR %Pﬁ%‘?’%éf@rmm%mﬂ (i) or
thereof, or di canaaxytbe (@CdOgtacﬁl'@Ud%lﬁ?eer) o@%bﬁﬂymer (ii) or

t hereof. 48. The nethod maki ng” t he 'l ubricating oil
addi tive conposi thotnwih thﬁl rmnmrwadlc@laawlﬂ@eéurwcnﬁn product of

() o hoth ar o mpRPRECERP R HFkhd 6Rb) FEERDL TR,
catal yzed reacti on product of conpound
(B) at least one ether compound capable of being reacted with at least two
monocarboxylic acids or esters thereof, or with at least two
_dicarboxylic acids, anhydrides or esters thereof, or mixtures thereof;
(C)  at least one aliphatic compound having at least one functional group
| capable of reacting with at least one monocarboxylic acid or ester

thereof, or dicarboxylic acid, anhydride or ester thereof.

48.  The method of making the lubricating oil additive composition of claim 47,
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

(iX(a) and compound (i)}(b) or (i}(c) in the presence of component (C).

49. A method of improving soot dispersancy or sludge dispersancy or both in an
internal combustion engine which c'omprises operating the engine with the

lubricating oil composition comprising a major amount of oil of lubricating
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(i)(a) and conpound (i)(b) or (i)(c) in the presence

of conponent (C). 30 49. A nethod of inproving soot

di spersancy or sludge di spersancy or . both in an

i nternal conbustion engi ne which conprises operating

the engine with the Ilubricating oil conposition
conprising.a mgj or .ampunt of ol of luhricating 63 .
Ui sCos MO AnG AR G RERYS areoun O e TWhmeRe plgditiye Fogposition
oi | addftiagejconposition of claiml. 64
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