ADDI TI VE COMPOSI TI ON AND METHOD OF MAKI NG THE SAME FI ELD OF THE | NVENTI ON
The present invention is directed to an inproved di spersant additive
conposi t iwo 20tvet75688 used in engine oils or fuels; and i PPCraSaleo6s70 ect ed
to the process of making the same. BACKGROUND OF THE I NVENTION It is known
to enpl oy nitrogen containing tergents in the
formul ati on of lubricating 0||q¥®ﬁﬁﬂgﬁﬂ$§H@ﬂ9§@ﬁ9ﬂﬁf t he known

di spersant/ det er gent Conpqum§$wETHCﬁ@EﬁﬂNPWGNQ?THEQEANE? of an

al kenyl succinic acid or anhydride with an am ne or polyam ne to produce an
al kenyl succi ni m de or an al kenyl succinanm c acid as determnined by sel ected
conditions of reaction. One pr 2 | ri cant manufacturer is
finding a single dispersant pr | sper sant properties,

| ow viscosity, as well as shear stability in internal conbustion engines.
Failure to have adequate shear stability nmay result in wear in an interna
cormbust i on el PresentiveaEeRn isgditadted Enposnpieyed dispersaneaddiiive onbust i on
engi nes gen ol
depos 5. wegMPdsifATEEL R Guakd Eidin?bif UPhidEhd £ At Efpllecigthe ;o
i nternal conposédds ofmeakrgigrtee sagte.a m ni rum contain additives which contro
or reduce the formation of deposits. The present invention is concerned

Wi th conpositions useful as dispersants or

BACKGROUND OF THE INVENTION

It is known to employ nitrogen containing dispersants and/or detergents in the
formulation of lubricating oil compositions. Many of the known
dispersant/detergent compounds are based on the reaction of an
alkenylsuccinic acid or anhydride with an amine or polyamine to produce an
alkenylsuccinimide or an alkenyl succinamic acid as determined by selected
conditions of reaction. One problem facing the lubricant manufacturer is
finding a single dispersant product that has good dispersant properties, low
viscosity, as well as shear stability in internal combustion engines. Failure to
have adequate shear stability may result in wear in an internal combustion

engine.

Lubricating oil compositions for internal combustion engines generally contain
a variety of additives to reduce or control deposits, wear, corrosion, etc.
Similarly, liquid hydrocarbon fuels for internal composition engines, at a
minimum, contain additives which control or reduce the formation of deposits.
The present invention is concerned with compositions useful as dispersants or

deposit inhibitors.

In lubricating oils, dispersants function to control sludge, carbon, and varnish
produced primarily by the incomplete oxidation of the fuel, or impurities in the
fuel, or impurities in the base oil used in the lubricating oil composition.
Deposit inhibitors in fuel control or reduce engine deposits also caused by
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deposit inhibitors. In lubricating oils, dispersants function to control

sl udge, carbon, and varni sh produced primarily by the inconplete oxidation
of the fu&D,20ovo7508purities in the fuel, or inpurities i RCThS208968000 | used
in the lubricating oil corrposition Deposit inhibitors in fuel control or

reduce engi ne deposits cayse i.nc | et usti o uel .

Such depost 1SOEHETePRTBHS oS Oh HETHPL SN RRRESTS EAR o naa catbrplst

I njectors, 'ﬂﬁr%k%rgﬁfet@odléé‘quélaih}é%ﬁors-ﬂfh@é«% H&Pé)%inﬁsvéh?é‘s Iq"h%%é’&fep‘é’sﬁé” ficant
probl ens, including poor acceleration and stalling, and increased fuel

consunpti on wmpresalamgnqﬁoamtmrahtegns aluding tioer meseleedtioncand statlingseed  of

| ubricating.oil er,sants _and fu Q nhi_bitors is polyal kyl ene
su00|n|n1de§nmpﬁ8§€ﬁéléggggm ﬂ@a§§§3% ﬁﬁf@@gﬂﬂ§§e al so been found to
provide fluid-nodifying properties, or a so-called viscosity index credit,

in lubricating oil conpositions. This results in a reduction in the anmount
of vi scosi t \ONaAEIe mesbeiéectiverilassessfllvbnnatipgiirdisrersaeiguandiyel DESCRI PTI ON
OF THE RELAT l'i cation
U8200602473§EB§‘§|?1I @E@S G E)SI)/I% ﬂneb%b%m@r@écéa?r?ngmga%a%%%dwve conposition

prepared by dueeinimigeedravehalsh beenoirxe® preaitd figdanedifiiiy prpertied, lorat | east
one et her corrpound and at |east one aromatjc am ne. Ruhe, Jr. et al uU. S

Publ i shed PasFRIISEpARGRstyiiie  Eregi7indunenting Qb pBeesiiang; This grauisdn a
| ubri cating reabcﬁﬂ#fntthé%nq&rm%?'v¥§ceﬁlt>prrﬁ%g iRibroVer! I WGA8 D bthERwise

conprises reacting a copol yner one et er compoun
required.

DESCRIPTION OF THE RELATED ART

Ruhe, Jr. et al, U.S. Published Patent Application US20060247386 discloses
an oil-soluble lubricating oil additive composition prepared by the process
which comprises reacting a copolymer, with at least one ether compound and

at least one aromatic amine.

Ruhe, Jr. et al., U.S. Published Patent Application US20070027267 discloses
an oil-soluble lubricating oil additive composition prepared by the process
which comprises reacting a copolymer, with at least one ether compound and

at least one aromatic amine.

Scattergood, European Published Patent Application EP0733697 discloses a
process for preparing ashless dispersants.

Harrison, U.S. Patent No. 5,112,507 discloses copolymers of unsaturated
acidic reagents and high molecular weight olefins wherein at least 20 percent
of the total high molecular weight olefin comprises the alkylvinylidene isomer.

Harrison, European Published Patent Application EP0387346 discloses high

molecular weight dispersants.



at | east one aromatic am ne. Scattergood, European Published Patent
Application EP0733697 di scl oses a process for preparing ashl ess

di sper sarnwe.20tnr7s088on, U. S. Patent No. 5,1 12,507 di scl esgaiSeapobsoner s of
unsat urated aci di c reagents and hi gh nol ecul ar wei ght ol efi ns wherein at

| east 20 percent of the total high nolecular weight olefin conprises the
al kyl vinyl i dene isonmer. Harrison, European Published Patent Application
EP0387346 dig é?s‘-Fﬁét ai QU'S@&@@M'P% %V@ht73(ﬁl§d?§s§ésadi‘i%§er'§%)ﬁ&5ﬂh‘a tgke al ., U.S.
Pat ent No. 4, 1 73 di scl oses dispersants tha tare formed by the reaction
product of afnrraec}batthagemt@mmoduq Paryaeylalingpredacheneolyamite arhh aci d.
Ruhe, Jr., Euro ian PubL sﬂgd Pat ent Application EP044621 1 discloses a
process for rB? @ n(f]i'SnB ric dispersants having alternateing

pol yal kyl ene and succinic groups. Harrison et al., U 'S. Patent No.
5,792,729 discl oses a terpol ymer hving an average Mh of from 600 to 100, 000
that is obt dRwRel J5y BuiePea Béb@&mﬁizla@ﬁeah%plI%at@noE%%%%zMIﬁ@Oﬁe%ﬁm 10 to 30

having an erageseﬁaﬁp i RayePs Borterte P OB BaRIRHEY 7Y,

6,01 5,776 ambdywiricignupsie conposition that is prepared by reacting a
m xture of an al kenyl or akylsuccinic acid derivative, an unsaturated
aci di c reagent copol yner, and a pol yam ne under reactive conditions.

Harrison et \@hrisohePal. PBISBatbht NB: 5799, disdbssd 938D mMECKVIRG Bhde
average Mn of from 600 to 100,000 that is obtained by the terpolymerization
of a 1-olefin having from 10 to 30 carbon atoms, maleic anhydride, and a 1-1-
disubstituted polyisobutylene having an average Mn of from 500 to 5,000.

Harrison et al., U.S. Patent No. 6,015,776 a polysuccinimide composition that
is prepared by reacting a mixture of an alkenyl or akylsuccinic acid derivative,
an unsaturated acidic reagent copolymer, and a polyamine under reactive

conditions.

Harrison et al., U.S. Patent No. 5,716,912 discloses a succinimide
composition that is prepared by reacting a mixture of an alkenyl or
alkylsuccinic acid derivative, an unsaturated acidic reagent copolymer and a
polyamine under reactive conditions; then treating the reaction product with
either a cyclic carbonate or a linear mono- or polycarbonate or boron

compound under reactive conditions.

Harrison et al., U.S. Patent No. 5,753,597 discloses a polysuccinimide
composition that is prepared by reacting a mixture of a copolymer of a first
unsaturated acidic reagent and a 1,1-disubstituted olefin; a copolymer of a
second unsaturated acidic reagent and a 1-olefin, and a polyamine under
reactive conditions then treating the reaction product with either a cyclic
carbonate or a linear mono- or polycarbonate or boron compound under
reactive conditions.
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conposition that is prepared by reacting a m xture of an al kenyl or

al kyl succinic acid derivative, an unsaturated acidic reagent copol yner and
a pol yamwe 2ordgsosgeacti ve conditions; then treating theCrasetvossops oduct
with either a cyclic carbonate or a linear nono- or polycarbonate or boron
conpound under reactive conditions. Harrison et al., U S. Patent No.

5, 753,597 di scl oses a pol ysuccini m de conposition that is prepared by
reacting a mixkidbR efhl. AUDIPAKAENOOS, 38889 5dist1BSES HrsticemifRriedi ¢ reagent and
a 1,1-disubstituted olefin; a copolyner of a second unsaturated acidic
reagent and conipagitidn at inprepaped Dy neactingralevixtuesaet arvelkeodon i ons t hen
treating the reaction prpoduct with either .a cycl.ic carbonate or a linear
mono- of porgRARHsHEE RS aib . Sn fotnE e B e e B B oA B 11 son
et al., U S.pdRigdraitle i¥ler beddifeldhditiche! aestréatiiicieteatish pRyMReSs Withon t hat
is prepared by reacting a m xture of an al kenyl or alkyl succinic acid
derivative, eiifenas@/Clic gadPnats GT@|'F‘@a@@\@ﬁoc@b@@'yﬁ@@onéilﬂjoﬁb@@lnyam ne under
reactive corwrﬁém urﬁ#@"%%%é&%iﬁ&% reaction product with either a
cyclic carbonat’e or a Tinear nono- or polycarbonate or boron conpound under
reactive conditions. Harrison et al., U S Patent No. 6,451 ,920 discloses
a process for preparing a mxture o a copol yner of a polyal kene and

an unsat ur at _”§_€P(ﬁt@|-r H@éarﬁte%ﬂo(f@f%é’l% %13'525?@@ RIGESSAAIOT PECRATINGrA
unsat ur at ed rﬁ&'ttﬂbcofr(f)g‘g%gﬁ)glgar Irrdf %?b%f‘éllt(é%e an#j’-a?- ulr%%ttl?r%%ed\??id@’ r@ég%mg%

di scl oses a process ng xture o a copol yner
pol yal kene aardl @) aupaipalvenyl ettrizaiive of arageaturated acidic reagent.

Harrison et al., U.S. Patent No. 6,617,396 discloses a process for preparing a
mixture of (1) a copolymer of a polyalkene and an unsaturated acidic reagent
and (2) a polyalkenyl derivative of an unsaturated acidic reagent.

Kaplan, U.S. Patent No. 5,266,186 discloses dispersants which comprise

polyimides which are prepared by reacting fatty amines with maleic
anhydride/alpha-olefin copolymers.

SUMMARY OF THE INVENTION

It has now been discovered that the reaction product of copolymers and
specific amine linking agents (i.e., diamine linking agents), results in a “hybrid
succinic anhydride copolymer” product. This hybrid succinic anhydride
copolymer may be reacted further with other amines or polyamines or
mixtures thereof to form succinimide products that have good dispersant
qualities, low viscosity, and shear stability.

In one embodiment, the present invention is directed to a hybrid succinic
anhydride copolymer having the following formula:
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and (2) a polyal kenyl derivative of an unsaturated acidic reagent. Kaplan,
U.S. Patent No. 5,266,1 86 discloses dispersants which conprise polyim des
whi ch ar ewprepar7emsby reacting fatty am nes with mal ei ¢c PCT/US2009/068070

anhydri de/ al pha-ol efin copol yners. SUMVARY OF THE I NVENTION It has now been
di scovered that the reaction produ of copol ynmers and ecific am ne

i nking agents (i.e., difam ne |imking agentsy; resul a "hybrid
succi ni ¢ anhydri de copol yRﬁerR"2 prqdli& .r.Thi s [hybrid sugcipic anhydride
copol ymer may be reacted th J r lam nes or yam nes or

m xtures thereof to form sugcinim roduct|s that ha ood di sper sant

odi nent, the

i de copol ymer

is either |ower

, Wand X are
-OR wherein R
c anhydride group,
out 2 to 20 carbon

qualities, |ow viscosity,0&and otly. In one
present invention is difect®dXo id succinic an
having the follow ng forfnul a: (1) erein one of Ri_ an
al kyl or hydrogen, and tfhe ot her Ri Nanqu(%smb 5
i ndependently sel ected filromthe ¢ t of -
is lower alkyl, or taken together or uc
n, m and k are 1 to 20| and Y i g al Kyl enée fro
atons. In one enbodi ments the pre§ ﬁﬁn is di ed to a hybrid
succi ni ¢ anhydri de copol yner prepated by theproces m conpri ses
reacting a copolyner of an (i) an saturated acidic r ent; and (ii) a
nono-ol efin, with at |east one |inking u”drocarbyl di -primary anm ne,

t her eby producing a

wherein one of Ry and Ry is either lower alkyl or hydrogen, and the other of R4
and R is polyalkyl, W and X are independently selected from the group
consisting of —OH, -O-R’ wherein R’ is lower alkyl, or taken together are —O-
to form a succinic anhydride group, n, m, and k are 1 to 20, and Y is alkylene
having from about 2 to 20 carbon atoms.

In one embodiment, the present invention is directed to a hybrid succinic
anhydride copolymer prepared by the process which comprises reacting a
copolymer of an (i) an unsaturated acidic reagent; and (ii) a mono-olefin,
with at least one linking hydrocarbyl di-primary amine, thereby producing a
hybrid succinic anhydride copolymer having from about 10% to about 90%

unreacted anhydride groups.

In one embodiment, the present invention is directed to a succinimide
prepared by a process comprising (A) reacting a copolymer of an (i) an
unsaturated acidic reagent; and (ii) a mono-olefin, with at least one linking
hydrocarbyl di-primary amine, thereby producing a hybrid succinic anhydride
copolymer having from about 10% to about 90% unreacted anhydride groups;
and subsequently (B) reacting the hybrid succinic anhydride copolymer with a
second amine compound, thereby producing the succinimide.



hybri d succi ni ¢ anhydri de copol yner having from about 10%to about 90%
unreact ed anhydri de groups. In one enbodi nent, the present invention is
di rect ed wo 2a108116@8ni m de prepared by a process conpri siPg/USA)09068CE | Ng a
copolymer of an (i) an unsaturated acidic reagent; and (ii) a nono-olefin,

ith at | t | | nki d | di.-prim i ne, . t duci
hybri d suco RICDECERDES MR S5 BIHREE THATHRS | HEHR B G0 LeTSA56 Ohbout 0056~ -
unr eact ed Ao diROEONBRS NGBS ARSN A BD of 8D VAR

succi ni ¢ anhydri de copol yner “wi th a second am ne conpound, theréby
produci ng t Heinonasivintiofithe sucsirimede prapased by lilee prasasstwhialy samippises s

directed to lubricatin il c iti apri si j Or. t,. of il
of Vubr i cat RIS Bole g, o QoRRet BRal M B Mol EacinTHRdT A0 ea by
the process (Wha eforkRoRfihs®ah I Asdst Bele (iAkingedelrbdbd diqRPharyRimipk, an (i) an
unsaturated acidic reagent; and (ii) a nono-olefin, with at |east one

| i nki ng hydrtBereyyRrogiCipg iankybyidesHasdnic eRBY e eprRIVIMERHavNaYIIM @beutci ni ¢

anhydride c " 0% 0 d anhydri de
aroups: and CobedbelyoAtuleadeBnith ooy gl sUBSHIEARAEY, O

copol ymer wirehcting thecmngbriainurgirio embydite tdsolgipgr pithdusedtmat draingucci ni m de.
The present invention is also directed to a nethod of making a |ubricating
oi | additi veEFRRIY, (NYROY pRPRYGERE theSqGMEN¢e) reacting a copol ymer of an
(i) an unsaturated acidic reagent; and (ii) a nono-olefin, wth at |east
one |inking hydrocarbyl di-primry am ne, thereby producing a hybrid

succi ni ¢ anhiur pebseabinokga ishalso ngyetiedrtoabmethdDos makingcutubdiodtingoikact ed

anhydri de 9" e composition comprises reacting (A) reacting a copolymer of an (i) an
unsaturated acidic reagent; and (ii) a mono-olefin, with at least one linking
hydrocarbyl di-primary amine, thereby producing a hybrid succinic anhydride
copolymer having from about 10% to about 90% unreacted anhydride groups;
and subsequently (B) reacting the hybrid succinic anhydride copolymer with a
second amine compound, thereby producing the succinimide.

Accordingly, the present invention relates to multi-functional lubricating oil and
fuel additives which are useful as dispersants.

DETAILED DESCRIPTION OF THE INVENTION

While the invention is susceptible to various modifications and alternative
forms, specific embodiments thereof and are herein described in detail. It
should be understood, however, that the description herein of specific
embodiments is not intended to limit the invention to the particular forms
disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention

as defined by the appended claims.



and subsequently (B) reacting the hybrid succinic anhydride copolyner with
a second am ne conpound, thereby producing the succinimde. Accordingly,

t he presewbd 20rvesis8on rel ates to nmulti-functional | ubri eariusgooiobsoand f uel
addi tives which are useful as dispersants. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON WALl £ .t he invention is susceptible to various nodifications and
alternative NS neci fic embodi nents thereof and are herein described in
detail. It should be understood, however, that the description herein of

specific enbodinments is not intended to limt the invention to the
particul ar fomen®llawing ieswe, usedtwighthendessaoiptionaye defieed assuthon is to cover
all nodifications, equivalents, and alternatives falling wwthin the spirit
and scope of the invention as defined by the appended cl ai ns. Definitions

The fol | ow NMthg RIME RIBER a1 hborichritidager poliseButsne. defi ned as such: The term
"PIB" is an abbreviation for polyisobutene. The term"PIBSA" is an

abbrevi ati on for polyisobutenyl succinic anhydride. The term "copol yner"
refers to a of 0 it b : resent
mvent i on v S oL PABSAP Y aB R R Bovitdhulcl SBGR i HntlyPReBL TS
reagent, and nore specifically, a nonoethylenically unsaturated C3-C28
nonocar boxylic acid or ester thereof, or a C4-C28 di carboxylijc acid,

anhydri de or!R&teEm CRePYBIErWaTers tﬁeﬁ/@aé%tpf)ﬁ‘itmly@t%%%g‘,pl_ withi|®e succi ni ¢
ol y1 sobut ersoRaa iy present Rivenfaf v Bt EohdieyBtin biei dreha ver ©f
unsaturated acidic reagent, and more specifically, a monoethylenically
unsaturated Cs3-Cg2s monocarboxylic acid or ester thereof, or a C4-Cos
dicarboxylic acid, anhydride or ester thereof which have carboxyl groups,
preferably succinic groups, and polyalkyll groups. The preferred copolymer is
a copolymer of polyisobutene and maleic anhydride (herein referred to as

“polyPIBSA”) having the general formula:

wherein n is one or greater; wherein one of Ry and Rz is methyl and the other
is a polyisobutyl residue having at least about 5 carbon atoms, preferably at
least about 29 carbon atoms. The polyPIBSA copolymer may be alternating,
block, or random.



"pol yPI BSA") having the general fornula: wherein n is one or greater;
wherein one of R and R2 is nethyl and the other is a polyisobutyl residue
havi ng atwbeasxo7aissut 5 carbon atons, preferably at | eagCTaisoww/ozd7e¢ar bon
atons. The pol yPI BSA copol yner may be alternating, block, or random The

term "succinic group” refers to roup having.the fornula: o HI | c- c- w
eH- o o PLPHN /AR EPR PrRIGLRIENTG MEUEBHE {1 om the group
consisting of -CH, -d, -O lower alkyl or taken together are -O to forma
succi nic anhydride group. The term"-Olower alkyl"” is meant to include

al koxy of 1 to 6 carbon atons. The term "hybrid succinic anhydride

copol ymer" refers to the reaction prodyct pf a copolynmer with a |inking

di am ne, wherein the reaction produet-Cont@trrswat | east from about 10% -
90% unr eact ed anhydri de groups, pref ertably from about 20% - 80% unreact ed

anhydri de groups, nore preferably Tg% 80% unr eact ed anhydri de
groups, and nost preferably from aboutH 50%- 75% unreact ed anhydri de
groups. The ratios of linking diamne to hydri de groups ranges preferably
fromabout 0.05:1 to about 0.45:1 , prefer@bly from

wherein W and X are independently selected from the group consisting of
--OH, --ClI, --O-- lower alkyl or taken together are --O-- to form a succinic
anhydride group. The term “--O--lower alkyl” is meant to include alkoxy of 1 to
6 carbon atoms.

The term “hybrid succinic anhydride copolymer” refers to the reaction product
of a copolymer with a linking diamine, wherein the reaction product contains
at least from about 10% - 90% unreacted anhydride groups, preferably from
about 20% - 80% unreacted anhydride groups, more preferably from about
40% - 80% unreacted anhydride groups, and most preferably from about 50%
- 75% unreacted anhydride groups. The ratios of linking diamine to anhydride
groups ranges preferably from about 0.05:1 to about 0.45:1, preferably from
about 0.10:1 to about 0.40:1 more preferably from about 0.15:1 to about
0.30:1, most preferably from about 0.125:1 to about 0.25:1.

The term “degree of polymerization” refers to the average number of
repeating structural units in the copolymer chain.

The term "succinimide" 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 are disclosed in numerous references
and are well known in the art. Certain fundamental types of succinimides and
-8 -



about 0.10:1 to about 0.40:1 nore preferably fromabout 0.1 5:1 to about

0.30:1 , nost preferably fromabout 0.1 25:1 to about 0.25:1 . The term

"degree ovopoiwarersgzati on” refers to the average nunber Poffi/use@oassong

structural units in the copolyrrer chain. The term "succinimde" is

understood in tt (i art .to include eci es
(ste

f the )
whi oh are. al@ m?éar'%emempéaémﬁtﬁ?t%meﬁm S acdiie e Sarghis

am ne. The pyedEgaaNoR2OMEF08N9 08801 ; 650251@@7 iy mele79nd ot bisset er m has
been general Iy accepted as neaning the product of a reaction of an al kenyl -

or al kyl - subki72,6080a”di8c 13, ¢A@adhel dinclemhgeiof whichi are heneyrineerogkeiashy| or
al kyl succi rbgg‘:e?es are disclosed in nunerous references and are well known
in the art. AACfundanent al types of succinimdes andrel ated material s
encorrpassed by the termof art "succinimde" are taught in U S. Patent Nos.
2,992, 708; 01 8,291 ; 3,024,237, 3,1 00,673; 3,21 9,666; 3,172,892; and
3,272, 746, t‘ﬁ@ @recisyecinisaidgt refeiscie the seagtiospyrodHel@iFbsUeERIChy r ef er ence.

The term” Slltﬁ' cghpaffmn'fgrgcfo%B r’rﬁ}é}a\&]n?aﬁ%%ﬁéoﬁogéﬁ%c r%aﬁ%%%ﬁé%r‘:

group-cont a , aromati c am ne,

m Xt ures thens@jresTHmebér m "al kyl vi nyl i dene or "al kyl vinylidene isoner"”
refers to ol efins and pol yal kyl ene conponents having the foll ow ng vinyl
i ndene structure: wherein Ris an al kyl of at |east 4 carbon atons,

f bl to | t about
pref erabl y_afnd AR oy IRRANEaRDONGRiATRICEDSEmRF iefsditb bidiing #7F1 abOU

polyalkylene components havmg the foIIowmg vmylmdene structure:

CH,

PR

R” R,

wherein R is an alkyl of at least 4 carbon atoms, preferably at least about 30
carbon atoms, more preferably at least about 50 carbon atoms and R, is a
methyl or ethyl group.

The term "amino" refers to -NR1R2 wherein Ry and R are independently
hydrogen or a hydrocarbyl group.

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

The term "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 2 to about 24 carbon atoms,
and more preferably, about 3 to 12 carbon atoms. More preferred
mono-olefins include propylene, butylene, particularly isobutylene, 1-octene
and 1-decene. Preferred, polyolefins prepared from such mono-olefins include
polypropylene, polybutene, especially polyisobutene.
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The term"am no" refers to -NRR 2 wherein R and R are independently

hydr ogen or a hydrocarbyl group. The term"alkyl" refers to both straight-
and brancweceoasessal kyl groups. The term "pol yal kyl " r eCe&ns2e09/06807@l Kyl
group that is generally derived from pol yol efins which are polyners or
copol ynmers of nono-olefins, particularly 1-nono-ol efins, such as ethyl ene,
propyl ene, butylene, and the like. Preferably, the nono-olefin enployed

will have 2 i gheuh afbc%%)h’oﬂ?\e%hgfﬁly APHaObL aRIBAR ﬁ%rﬁca%ﬁuifvh?cﬁ 0 12
carbon atons. More pre erred nmono-ol éf i ns include propyl ene, butyl ene,

parti cul ar | ycandaibsoplyehygrogen endwarkomatbntscene. Preferred, pol yol efins
prepared from such nono-ol efins i ncI ude pol ypropyl ene, pol ybut ene,
especi ally pol yi sobut ene. The term "hydrocarbyl"” nmeans any aliphatic or

aromati ¢ hydnes ahitdimehi @ﬁthé%é@éﬂﬁn\%ﬂtwnw@r@%ﬂ ardimaahpydraions. One
S

enbodi mrent of the present invention is a bri ucci ni ¢ anhydride

copol ymer . Tae®ohmen dl ReiBxerd §U%Frhfﬂi9cﬁn|hdl€”%§@l39|b@er||Ssth9ff@aﬁ%'&9rflﬂvcbr oduct
of a copol yrBEFra%B Bmidr 4t i ing %Jib%e %HBQ&WF ‘?fthé @f;e psent

i nvention is a su nlmdedsesa that e reaction uc of the

hybrid succnnvathmhs@rslﬁmmmmﬂ du&pers@ndtrmtfs@trm@aaﬁomgrmoﬂm Isydrect ed
fromaliphatic or aromatjc nonoam nes or polyam nes, or m xtures thereof

Hybri d SucciSHCEINK AV RN BRfNTASEPBH |3(ﬂn'§ﬁ(9€mﬂ%m§rﬁ%b%9? Oc%pol yner
is a pol ya”@%ﬁbﬁ@oPﬁF&hé‘t‘?@n@ﬁobhﬁﬁé@Sr b&%ltnh?és éreﬁﬁﬁ&&]esctﬁé@o‘( mers with a

l'i nking diamne at the term nal anhydride”group

Hybrid Succinic Anhydride Copolymer

The hybrid succinic anhydride copolymer is a polyanhydride obtained by
linking together several copolymers with a linking diamine at the terminal
anhydride groups.

The hybrid succinic anhydride copolymers of the present invention are
prepared by reacting a copolymer, which has been prepared by reacting an
olefin with an unsaturated acidic reagent in the presence of a free radical
inhibitor, with a linking diamine. The olefin used to make the copolymer can
be any monoolefin, preferably an alpha olefin, more preferably a 1-olefin,
more preferably a vinylidene olefin, most preferably a methylvinylidene olefin.
Mixtures of olefins may be used. Some examples of 1-olefins are ethylene,
propylene, isobutylene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene,
1-decene, 1-undecene, 1-dodecene, 1-dodecene, 1-tetradecene, 1-
hexadecene, 1-octadecene, isobutylene, 2,4 ,4-trimethylpentene, styrene, and
the like. Suitable olefins may contain a sufficient number of carbon atoms so
that the copolymer is soluble in oil and thus have on the order of about 30
carbon atoms or more. Preferred olefins are polyisobutenes and
polypropylenes. Especially preferred are polyisobutenes, particularly
preferred are those having a molecular weight of about 420 to about 10,000,
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The hybrid succinic anhydride copolynmers of the present invention are
prepared by reacting a copolynmer, which has been prepared by reacting an
ol ef i n wiwb 2ar0/a1m688t ur at ed aci di ¢ reagent in the preseneeTafS2a9fs8e0 r adi cal
inhibitor, with a linking diamne. The olefin used to make the copolyner

can be any nonool efin ref erahl | pha oI |

ot etin nord eperapan ot sBAL g Bod i TerkBly A ARG Aot °

met hyl vi nyI iFlene, rﬁbgtfbr@fer%%/téﬁcﬁﬁ 20b03b &fsgrs may be used. Sone exanpl es of
1-ol efins are ethylene, propylene, |sobutylene 1- pent ene, 1-hexene,

1- hept ene, 1- octene 1 nonene, 1-decene, undecene 1- dodecene,

1- dodecene, H& tetr cene ﬁ hexad (:ene,t ogtaq$ceqﬁe | sobut yl ene,

2, 4, 4- t hnet WBEﬂP aEttoy? N PrésiM fventioR &S Baged 8te SHERTSHY nay cont ai n
a suffici entdthMt tW@Fé&ﬁloﬁt@@cc%g)I)Fr’ﬁéﬁwttﬁ% I diaBiiné Sorsalxiree in oil

and thus have on the order of about carbon atons or nore. Preferred

ol efi ns ar e Pdinkingghaméass tates placs prasipmiaaely athederraina) aphydride ed are
ponisobute e having a nol ecul ar wei ght
of about 42 up? QQ{% éﬁgk%nRQHLF%&@?%@%gréﬂgiout 900 to 5,000, nore
preferably about 1,500 to about 3,000, nost preferably about 2000 to 2, 500.
Anong ot her factors t he present |nvent|oq i s based on the surprising

di scovery that the reaction of a copogg gt h a |inking diamne, or

m xtures of |inking diamnes, takes/flace predom nantly at the term nal
anhydri de groups and not at th% ntfer nal hydfide gpoups. internal It is
bel i eved that the reason for thi% i due fact \that the term na

07070 0T g S0 0T S0 07N S0
\/terminalJ
anhydrides

It is believed that the reason for this is due to the fact that the terminal
anhydride groups are less sterically hindered than the internal anhydride
groups and the terminal anhydride groups react faster than the internal
anhydride groups with the linking diamine. If desired, the copolymers are
reacted with a sufficient amount of linking diamine to join together one or
more copolymer moieties via a succinimide group, but with an insufficient
amount of linking diamine such that the hybrid succinic anhydride copolymer
contains sufficient unreacted succinic reagent groups. The charge mole ratio
of linking diamine to anhydride groups in the copolymer can vary over a wide
range, from about 0.05:1 to about 0.45:1, preferably from about 0.10:1 to
about 0.40:1 more preferably from about 0.15:1 to about 0.30:1, most
preferably from about 0.125:1 to about 0.25:1.

It is believed that the linking diamine joins several copolymers together via a

succinimide linkage to produce a high molecular weight linear hybrid succinic

anhydride copolymer. The amount of unreacted anhydride groups in the

hybrid succinic anhydride copolymer can vary over a wide range from at least

from about 10% - 90% unreacted anhydride groups, preferably from about
-11 -



anhydride groups are less sterically hindered than the internal anhydride
groups and the term nal anhydride groups react faster than the internal
anhydri dewgrowpssesst h the |inking diamne. |f desired, Phe/usepoloysves s are
reacted with a sufficient anount of |inking diam ne to joi n together one or

nore copoly ies via,a sueccinimde rou yf ficient
anount of %’ﬁ’”god%’ Hm%t%éﬂﬁ}(‘ﬁéde grﬁ’é'pﬁy tbrlhfm% copol ymer
contains SUfEfO%"lﬁlfﬁéaéiéd %ﬁﬁ?@ﬁﬁé@ﬁfdd&' énd %@&Qﬁre@?&!?%om@@o@t@é%e 7%k e
ratio of linking diam ne to anhydride groups in the copolyner can vary over

a w de rangginreaciedgnbydride geoups. o about 0.45:1 , preferably from about 0.1
0:1 to about 0.40:1 nore preferably fromabout 0.1 5:1 to about 0.30:1 ,
nost preferably fromabout 0.1 25:1 to about 0.25:1 . It is believed that

the |inking Sih@mm@higwrﬁ@les:araewlgmqp@ﬂm@mhﬁ:htrﬁgy:bbefsewta Reparecthsi m de
| i nkage to produce a high nol ecul ar wei ght |inear succi ni ¢ anhydri de

copol yner . Ti@pohmperstof e Qm%ﬂ@/@nﬁﬁﬁﬂi‘? Qé@e@“&iuf’@'é(%ltlrﬁs ohindiiewald succinic

"985 unr cadh B8 ARy HeRY a8, AR R DIE B o oact ed

anhydri de grregpising vl geper@ﬂlgaroabtam brmmwrbmim|g¢0%o+ec&ﬂ)é46wengaap<b|§zdlk§mhydri de
groups, and nost preferably from about 50% -  75% unreact ed anh&@ri de

groups. Si anfOPIH%OﬁV@‘W'%Wn@@ﬂU@r WRigBht AlsPeMipHureRRT aePRN§eMalesH asy
prepare the H‘qqmﬁ e es of
i ndi vi dual nole ?ﬁ%l‘%}t%&g (%@Srent {egg arM&%ﬁF&&?ngﬁégﬁgﬁbﬁéﬁgl ymer
nol ecul es revay hiamg ani dViergga d egitdeyofqmtyraerization (o) of é arfgraatgh, preferablyar
wei ght pol y(’j’flrokr'xlabout 1.1 to about 20, and more preferably from about 1.5 to about 10.

The copolymers may have a succinic ratio, defined as the number of
anhydride groups per alkyl tail, from between 1.0 to about 5.0, preferably from
about 1.0 to about 3.0, more preferably from about 1.1 to about 2.0. The
succinic ratio may be measured by procedures described in U.S. Patent No.
5,356,552.

The hybrid succinic anhydride copolymers of the present invention may have

the formula:
Ry Ry RLRz
O o| [O N~ O
W X ]
Y
\ W X
| _lk R4 Re
— - m
| ] n

(1)
Wherein one of Ry and Rz is either lower alkyl or hydrogen, and the other of

R1 and Ry is polyalkyl, W and X are independently selected from the group
-12 -



groups of varying nol ecul ar weight. Al so, mxtures of copolynmer nol ecul es
havi ng di fferent degrees of polynerization will be produced. The copol yners
may have w0 2078038 degree of pol ynmerization (n) of 1 oPCHAS2000/063070
preferably fromabout 1.1 to about 20, and nore pref erably fromabout 1.5

to about 10. The, cop hav.e ccinic rati ed as fhe
nurber of arARARIES Grilhe ChB WaRR H 48 [oarEifisth taken S aPe e B 5. o,
preferabl y firqanaaiticchi®ah dﬂ&fév'éro%pon ADBRd K &eef /2P0, efrfOOW@QFWFen% 1to
about 2.0. The succinic ratl 0 be measured by procedures described in
U.S. Patent haylngfreﬁmwﬂor@ h@ﬂbﬂhdat@mml ni ¢ anhydri de copol ymers of the
present invention may have the fornula: (1) Werein one of R and R2 is
either | ower al kyl or hydrogen, and the other of R and R2 is polyal kyl, W

and X are i regpngendépictsaheste@tiraPsdinpesition &I aee $iybiid RaicBinic thydrideR
wherein R is |lower alkyl, or taken together are -Oio forma succinic

anhydri de gr%lpplyrrmer maviied Prlyigabutenyd aroupsndnyparéicaliaky thenByprigisHgeinicom

of “the. hybr i SRaR hopoier sHOYY e AN & kel R e e RORRE o

I n particul ayfmalbe WdlrldeﬂmamdpoQ/m@hm leileylen@@hamhe shovvn in Formula Il
is derived fromthe reaction product_of naleic anhydride/P|B copol yner and
et hyl ene diamine . Werein n, m—and k are 1 to 20. The Starting Copol yner

H%%ECS\FEL
0™ \g~0 0N ~S0

O
it
)

’Ozo_fo
B ) Hoe PIB

o - m

Wherein n, m, and k are 1 to 20.

The Starting Copolymer

The starting copolymer employed in the present invention is obtained by
reacting (a) an olefin and (b) an unsaturated acidic reagent, in the presence of
a free radical initiator. The unsaturated acidic reagent has at least one
monoethylenically unsaturated Cs3-Cas monocarboxylic acid or ester thereof, or
a C4-Cyg dicarboxylic acid, anhydride or ester thereof

The Olefin

The olefin employed in the present invention is a monoolefin having at least 2
carbon atoms. Suitable mono-olefins include normal alpha olefins, 1-olefins,
polyolefins, and mixtures thereof. Examples of suitable monoolefins and

-13 -



The starting copol yner enployed in the present invention is obtained by
reacting (a) an olefin and (b) an unsaturated acidic reagent, in the
presence Wb 2a10/a78@88r adi cal initiator. The unsaturated aecuius2000ag®mt has at
| east one nonoet hyl eni cal |y unsat urated C3-C28 nonocarboxylic acid or ester

t hereof, or a CA-C2 dicarb lic aci anhydrj de or ter, thereof The
Q'efin The dNETORSAGPOYEA 1t RS Uiy eHor gh UES BteBhBY of i n havi ng
at |east 2 canhpnos! @Rkh iSHctaRlifcdrBBRted 8l irréméd. UdsmaaEplas Bha

ol efins, 1l-olefins, polyolefins, and m xtures thereof. Exanples of suitable

nonool ef i ns raaderlgiingsarefethidens. prgpylesenisabulyidriend -peniebe, f-oexene rl-u. S.
Pat ent No. 7”???% n1 11_ 08 \Mri]'i ch is lg_e ein i _corﬁorrz]it e1q by ref erence. Some
exanpl es of AT e??tﬁgea é‘%‘?ﬂ?i &FeB?’oﬂwg &e e?’sogﬁ ?/(feé}‘f’e, 1- pent ene,
1- hexene, 1l-ddiRpease]-tdratdcene, 1haxadedsne, lt-geweBeend -isoslagiene, 2 k;4lodecene,
1- dodecene, 1l-tetradecene, 1-hexadecene, 1-octadecene, isobutylene, 2,4, 4-
tri met hyl perftiggd)ylgenteanestyeane. end the kke. 1 n one enbodi ment the olefin is a
pol yol ef i n pol ynmer, preferably having an Mh of from 420 to 5000. Suitable
pol yol efin polynmers for reaction with the unsaturated acidic reagent
i ncl ude pol yineng erabpdinsen theloledinds agradysiéfim polGehdropfeierabholod g an Mng. ,
et hyl ene, praopyl ene, but %I ene, iso-butylene and pentene. The polyners can
be honopol yrﬁf.rf ,méggﬂo Bol yi sobutyl ene, as well as copolynmers of two or
nore such ol efins, such as copol yners of: ethylene and propyl ene, butyl ene,
and i sobutylene etc. OQther copolyners include those in which a m nor
Suitable polyolefin polymers for reaction with the unsaturated acidic reagent

include polymers comprising a major amount of C2 to C5 monoolefin, e.g.,
ethylene, propylene, butylene, iso-butylene and pentene. The polymers can
be homopolymers, such as polyisobutylene, as well as copolymers of two or
more such olefins, such as copolymers of: ethylene and propylene, butylene,
and isobutylene etc. Other copolymers include those in which a minor
amount of the copolymer monomers (e.g., 1 to 20 mole percent) is a C4 to C8
nonconjugated diolefin, e.g., a copolymer of isobutylene and butadiene or a
copolymer of ethylene, propylene and 1,4-hexadiene, etc.

A particularly preferred class of olefin polymers comprises polybutenes,
which are prepared by the polymerization of one or more of 1-butene, 2-
butene and isobutene. Especially desirable are polybutenes containing a
substantial proportion of units derived from isobutene. The polybutene may
contain minor amounts of butadiene, which may or may not be incorporated in
the polymer. These polybutenes are readily available commercial materials
that are well known to those skilled in the art. Disclosures thereof will be
found, for example, in U.S. Patent Nos. 3,215,707; 3,231,587; 3,515,669;
3,579,450; 3,912,764, 4,152,499; 4,605,808; 5,356,552; and 5,872,083 which
are herein incorporated by reference for their disclosures of suitable

polybutenes.
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anount of the copolymer nononers (e.g., 1 to 20 nole percent) is a C4 to C8
nonconj ugated diolefin, e.g., a copolyner of isobutylene and butadi ene or a
copol ynmerwof20mdigisene, propyl ene and 1, 4- hexadi ene, et cPCAUSasiocsorar |y
preferred class of olefin polyners conprises pol ybutenes, which are

d by th I T f . f 1-buten 2- but d
P cobat one. . 208 Sbamett thd Pt RNBE 5.1 e QOlSRWaR ir Bt BOABERUnt | al
propor ti on_ofurdfijeht dPréréesbiy 1AW ARILENET wEidht BelysHEBNEBRILERNS a1 D

t
minor anounts of butadiene, Which nmay or nay not be incorporated in the
pol yner. Thdew molegblar sveightaicdyiselidienyl gioap babl reixbgemiiew anolaedleri al s t hat

are well known t hos killed in the art. Disgl.osure hereof will be
found. for ovaplROVRRBYREY eilenhah Aahardit §48 ot 32 WaES) aldus, £%660,
3,579, 450; Heiledfitia folflisbBuBAS hadirkDE: 1888 55% 35 th & Risthyividy fdéhe?, 083

whi ch are herein incorporated by reference for their di sc‘?osures of

sui t abl e poli§PMEERLS. trisulitUteAHIIRIM BB NFor IRXaBIRe | seepld ISy iatenisNe. | ow

nmol ecul ar V\Eq g@f 19quaI kenyl substituent. Preferably, the | ow nol ecul ar

wei ght pol yal’kenyl Substituent is | ow nol ecul ar wei ght pol yi sobutenyl group
or a mxture of |ow nol ecul ar wei ght polyisobutenyl groups having from
about 8 to agbout 32 carbon atons, derived from a pol )fi sobut ene havi ng at

| east 50% oflNane @Fﬁpﬁ?limﬁrﬁytlh?d%%@ PRymST i$p gk FTQ'J‘?E‘W"[‘M?'SH’[ i somer. (For
ot yrer i o U EREM P suBeidne Thethiopheener N HRRINERR . The
hi gh nol ecultes atdegsitalooit P8I daytboryatonps (preferably at least about 50 carbon
atoms). Preferred high molecular weight polyalkyl groups include polyisobutyl
groups. Preferred polyisobutyl groups include those having average molecular
weights of about 500 to about 5000, more preferably from about 900 to about
2500. Preferred lower alkyl groups include methyl and ethyl; especially
preferred lower alkyl groups include methyl. (For example, see U.S. Patent
No. 5,112,507).

The polyalkylene is highly reactive or high methyl vinylidene polyalkylene,
most commonly polyisobutene, such as described in U.S. Patent Nos.
4,152,499; 5,071,919; 5,137,980; 5,286,823; 5,254,649; published
International Application Nos. WO 93 24539-A1; WO 9310063-A1; and
published European Patent Application Nos. 0355895-A; 0565285A; and
0587381 A, all of which are hereby incorporated by reference in their entirety.
(For example, see U.S. Patent No. 5,872,083 which is herein incorporated by

reference).

The high molecular weight olefins used in the preparation of the copolymers
of the present invention are of sufficiently long chain length so that the
resulting composition is soluble in and compatible with mineral oils, fuels and
the like; and the alkylvinylidene isomer of the high molecular weight olefin
comprises at least about 20% of the total olefin composition.
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has at | east about 30 carbon atons (preferably at |east about 50 carbon
atons). Preferred high nol ecul ar wei ght pol yal kyl groups include

pol yi sobuwol2ogviosgss. Preferred pol yi sobutyl groups incl edg/ush@oacsvavi ng
aver age nol ecul ar wei ghts of about 500 to about 5000, nore pref erably from

bout 900 t t 2500. f | kyl t hyl d
Sohul Ceape i bion R gry B Mo DA e e it ias SrpdErulE ey o
exanpl e, seedding dlﬁ%Tfémtmb\f@cuI%r Gve?éh@%b ca-ﬁh%vféoét){ééé‘%r@@rah%h Rieghl y

reactive or high nmethyl vinylidene ene, nost conmonl
poI y| sobut erfecarbgoratemsdaeng fhgechain, mewapét%deawe ramsi2 p¢99 casboTl , 91

9: ,1 37,98 86, 823:, 5, 254,64 | d | t t | i ti
Nos V0 95 21eme 4 I endin G Badiou Rl prafiifad MefeRs beodio tBRe o ' "
Appl i cati on p¥aAch PEP2&3PbdN aldpedZBY.theHaME G384 bfandidd dHaimbictinsar e

hereby incorporated by reference in their entirety. (For exanple, see U.S.
Pat ent No. Hneyzoowlmhlscepm@rlmp@iyﬁlhméér%@p@pé@wermﬂwem@pn afhe hi gh

ol eoul ar weiighis 6f FhilE Bekeidh SBMPEARTEREA Fort BRAGRPIHFSTor the

present inven n-are I'Clen chain’l'eng soth

resul ting cahpmbhlawmlssas@lmm&aq)referamg fropmpedpyidree ot tsbbmyrmearrhel I's, fuels
and the like; and the al ky] vinylidene 1soner of the hlgh mol ecul ar melght

ol efin corrprqdodét?néiPOWE}%'?aQi?dﬂ?ﬂ%%"@fc’yﬁ%ar?d}%maﬂyéf‘P' TRy nd¥sPENSA. Such

hi gh nol ecul | | r f in
di ?ferent rﬁecﬁ?acng?en?gﬁ{)gngan Bﬁé?n gv@bgét/u nghﬁoerﬁt}rtggic %Eﬁ%é@@‘gr bgn

at onms al ong artteprelferiably petfyér abl y at | east one branch per 4 carbon

The preferred alkylvinylidene isomer comprises a methyl- or ethylvinylidene

isomer, more preferably the methylvinylidene isomer.

The especially preferred high molecular weight olefins used to prepare the
copolymers of the present invention are polyisobutenes which comprise at
least about 20% of the more reactive methylvinylidene isomer, preferably at
least 50% and more preferably at least 70%. Suitable polyisobutenes include
those prepared using BF3 catalysis. The preparation of such polyisobutenes in
which the methylvinylidene isomer comprises a high percentage of the total
composition is described in U.S. Patent Nos. 4,152,499 and 4,605,808. (For
example, see U.S. Patent No. 5,565,528 which is herein incorporated by

reference).

Other polyalkenes can also be used including, for example, polyalkenes
prepared using metallocene catalysts such as those described in German
Patent Application No. DE 4313088A1. (For example, see U.S. Patent No.

5,872,083 which is herein incorporated by reference).

In one embodiment an olefin polymer or a copolymer of two or more types of

olefins is employed as the alkenyl substituent. Specifically, it is employed as

a polyalkenyl substituent which contains both alkylvinylidene isomers and
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atons along the chain, and particularly preferred that there be about one
branch per 2 carbon atons al ong the chain. These branched chain ol efins may
conveni erwbyoomtpsg8se pol yal kenes prepared by the pol ymeciraseéoonesso ol ef i ns
of from3 to 6 carbon atons, and preferably fromolefins of from3 to 4

b t f bl I i sobyt yl . Th
S e on: poriArERBNY TaRas ot s By ohb s Rena ROpaly SuENemre  anch
may be of fr&@f&aﬁ)l?yp‘brlr)gﬁ@jlién%Léeﬂﬁ;mo@bféfé'l%wé){)oﬁflscfdugéﬂelwh@re?n%@r bon

atons and preferab referred al’kylvi'nylidene isoner conprises
a net hyl - orleasttBA%:i byl lesethan sdier of therpolyisebdens hpsthethyimfidenagnddene

I somer. The especi al | referre i gh ool ecul ar weight olefins used to
br epar e t he CORGTy RerEraiy. e roialialie 15 & R ier #rn Prolia g o
conprise at (MpYf frdp@Hbod050®fo absutpH0®. r eacti ve nethyl vinylidene i soner,
preferably at |east 50% and nore preferably at |east 70% Suitable

pol yi sobut enes i nclude those prepared using BF3 catal ysis. The preparation

ol yi sobut en those BF3 catal; .
i gh.per cent Laoay Rae A A4 BB T baniidleh WIRTE 1-SRTE SO IRELRT " o,

4,1 52,499 aaytalpHE30leBA8. THeot-otfmnypiecally Bas five.or Radrerdarion atore$5, 528 whi ch
I's herein incorporat edu%)ﬁgreference). Gher81p0I yal kenes can_al so _he used

i ncl udi ng, fo?feéﬁté'M}ﬂbé’ : 119 PREHEQ CarRgR-te Suslijﬁg Raleni Nech82d#Pal yst s
such as thosg; d&pRr H%ﬁgggﬁgﬁﬁﬁgﬁé d184168¢s RPbrepardtoR dilergdiyfidtInggst -

(For exanple, see U.
from a polyalkene, a 1-olefin and an unsaturated acidic reagent and is

incorporated herein by reference in its entirety.

In one embodiment the process used to prepare the copolymer by reaction of
(a) an olefin with an unsaturated acidic reagent with a free radical initiator can
also include (b) reacting the product of step (a) with an unsaturated acidic
reagent at elevated temperature in the presence of a strong acid. (For
example, see U.S. Patent No. 6,617,396, which is herein incorporated by

reference).

In one embodiment, the olefin polymer comprises 1,1-disubstitued olefins and
1-olefins, which are reacted with an unsaturated acidic reagent to obtain a
terpolymer. Preferably, the 1-olefins have from about C10 to about C30.
Mixtures of olefins, e.g., C14, C16 and C18, may also be employed.
Preferably, the 1,1-disubstituted olefin has an average M, of from 500 to
5000. One particularly useful 1,1-disubstituted olefin is a 1,1-disubstituted
polyisobutylene, such as methylvinylidene polyisobutylene. (For example,
see U.S. Patent No. 5,792,729, which is herein incorporated by reference).

In one embodiment, a copolymer produced by the following process may be
employed (1) a copolymer of a polyalkene and an unsaturated acidic reagent
and (2) a polyalkenyl derivative of an unsaturated acidic reagent, said process
comprising (a) copolymerizing (1) a polyalkene containing alkylvinylidene

-17 -



5,872,083 which is herein incorporated by reference). In one enbodi nent an
ol efin polyner or a copolyner of two or nore types of olefins is enpl oyed
as the alwerrylo/wsissti tuent. Specifically, it is enpl oye#Caaisaooobsoad kenyl
substituent which contains both al kyl vinylidene isoners

d -al kyl.vinylid [ rs. Pref bl t | yal k i s.polyb ,
R R e o R R T
at |east S0%nddtoolyprerizdien cbhifonefin the pRAINES APt RASrdieal MRSt \drey | | dene

end groups. Pref er.ablgé the pol yal kene has a nunber average nol ecul ar
wei ght (M) (b) réactingdbe proday of stepol@)withsaoungateraied peldiereageahakl so be

used in conbilnatti " W tehtar ll %efi nse(cr]gl ch krE(()wn as, " Zkgha-ol ef‘i n% The
1-olefin typica ?§ HLESHYE B NFRreSLLPTiR YN dFBF SXTYPLSEE 10 to
about 30 carlp® Pei@iENo 6451928t ahichNe hebein9dcordBrated dyedfdréndddr ri son and
Ruhe, discloses the preparation of terpolyners made from a polyal kene, a

1-ol efin and an unsaturated acidic reagent and is incorporated herein by

reference in i 1 I enbodi ment the process used to prepare
t he copol ymrsl#h a@urﬁé@%&éﬁ%@d\(ﬂc gleg?g?@an olefin with an unsaturated acidic

reagent wwth a free radical initiator can also include (b) reacting the

product of step ’i(%éag with an unsaturated acidic reagent at el evated
t enper at ur e 1HE ¥IRAIHAIR@ AEliGTeagest Hee inFedrep@mtionof ipe soraymers 8f pat ent

No. 6,61 7, ) o] P BE-ITaT=Y -V o N f e
enbodi nent , ettﬁ ﬁg r%\%gerﬁm\}%élpﬁncgﬁzdoér%%% E%é&ﬁ?@al&é{r&{@{jtﬁéﬁé t?] E}e%‘ fdc))rll?ré@?hs and
1-ol efins, which are react eg with an unsaturated aci dioc reagent to obtain a

N\ /

C—CH—CH —C

/

X X

wherein X and X' are the same or different, provided that at least one of X and
X' is a group that is capable of reacting to esterify alcohols, form amides or
amine salts with ammonia or amines, form metal salts with reactive metals or
basically reacting metal compounds and otherwise function to acylate.
Preferably, X and X' are such that both carboxylic functions can enter into
acylation reactions. Preferred are acidic reagents where X and X' are each
independently selected from the group consisting of --OH, --Cl, --O-- lower
alkyl and when taken together, X and X' are --O-- to form a succinic anhydride
group. Maleic anhydride is the most preferred unsaturated acidic reagent.

Preparation of the Starting Copolymer

As noted above, the starting copolymer of the present invention is prepared
by reacting an olefin and an unsaturated acidic reactant in the presence of a
free radical initiator. One method of preparing the copolymer is described in
Harrison, U.S. Patent No. 5,112,507, which is herein incorporated by

reference in its entirety. Other suitable methods of preparation are described
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terpolynmer. Preferably, the 1-olefins have fromabout C 10 to about C30.

M xtures of olefins, e.g., Cl4, C 16 and C 18, may al so be enpl oyed.

Pr ef er ablwp 20100730881 - di substituted ol efin has an aver ageTNs2@b/06800m 500 t o
5000. One parti cul arly useful 1, 1 -disubstituted olefinis a1, 1

Lot e Bl SPR TSI £ TR BN, sotut v ene

by reference 616668“5 7%'3*5@?‘ erd2 729; C@G%,Y'TB%H%WG’@ 3 9p¢ fol l owi ng
process may be a copol ymer of a pol yal' kéne ‘and an

unsat ur at ed @61aﬁe6ré§@érﬂ11amd1lqm¢r@ah¢r@lry@|cnmwat ¥ Kedgieneeof an
unsaturated acidic reagent, said process conprising (a) copolynerizing ( 1
) a polyal kene containing al kylvinylidenei somer and non-al kyl vi nylidene

i soners and ¥ re@&tluﬁiﬁﬁéWb@b@dd@&bdlaff al teAgRRaturd 8eabEG! -BOET itd abban
conditions in the presence of a free radical initiator; and (b) reacting

t he product %f0°6t @fﬁf%ﬁ)b')(/\ﬂ@ﬁ‘ %@puirﬂé)a@dpaﬁb@@'t 460t cThedgaiee oft el evat ed

P
No. " 6us1 928 AP R R AR RrabadPRe  Gook i AP gl R e

Aci di c Reagqmtefeﬂw rmgaanolemedm@mrdloopowm it iss@dlvdntagduuspioeraplali on of
the copol yners of the present invention conprises a naleic reactant of the

general for nBVEF reggtiepy temeeeatyres. Eﬁﬂe)'@mgfee ltthe reaghonoie Gndretesat, provi ded
that at 'eacséti]d&‘ﬂeB@*Cxa@BQer?gS o eQb‘PEBIgﬁb?anhén%@BBQbﬁ @Mé@@ﬁfﬁ'ﬁ% to

esterify al ol's, formam amn ts wth amonia or am nes, form
netal sal ts hwwavercddhé veactonalas condiased at & yemparaturegoinadicait 4@6@paunds and

otherwi se f uar{/(:etréé)en dteg(;)reaeca/fI paotlfrherization of about 10.5 was obtained.

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

ratio, and then stirred at the reaction temperature.

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

an amount sufficient to ensure efficient mixing.

In the preparation of polyPIBSA, improved results are obtained by using
PIBSA or polyPIBSA as a solvent for the reaction.

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

initiator may be influenced by the reaction temperature employed.
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Preferably, X and X' are such that both carboxylic functions can enter into
acylation reactions. Preferred are acidic reagents where X and X are each
i ndependewdl291055@8t ed from the group consisting of --OPCTASRG9AEB070 ower

al kyl and when taken together, X and X are -O to forma succinic

anhydri de gr anh dr s the rred unsaturated acidic
et o I ol fref TaUGpL iaiersciE e per e oo MRt iahe o 11 ug
copol yner 0f|n'&|8§>r§”éﬁ§6tﬁé akBMﬂB@ P@F}Vrﬁe?lz@'iléﬁ%ﬁéﬂtopé’ R&ﬁﬁﬁdﬁ'%@ﬁls‘é'&i' n and an
unsaturated acidic reactant in presence of free radical initiator.

One net hod dfsegrtepnitipiegtherreactigiolifdesireids described in Harrison, U S. Patent
No. 5,1 12,507, which is herein incorporated by reference in its entirety.
Q her suitable nmethods of preparation are describedin Harrison et al., U S

Pat ent No. S5pHe p&roxidié-ty gejfre@ra%ﬁ’éial irmtiSep car de cﬁgﬁﬁlcﬁnrﬁﬁ&gaﬁﬂﬁ% 597,
5,792,729; 6,01 5,776; 146, 431 ; 6,451 , 920; 6, 906, 01 1,

whi ch are h@r@awclwmtmeaqeéwr@vorraﬂ@r &(QORThWhﬁé%BBH%ﬁnYrQﬁg%C eastierict ed

at a tenper r out 40C
t o about 168%5@@% %teP r%%T@%) @' p%lzbbtsl%gﬁaf%ghy oﬁe@eﬁ;‘] %rr%%gﬁlonal to

t enper at ur e. ra&meorabthgigyand Rf; tdneberoegmlceaidlbalghpmder@@w laydroeapoh,

copol yners, i s advant ageous to, enp @‘da%sll ower reaction tenperatures. For

example, if %rﬁﬂ ?‘BQ@PVUﬁdﬂC@'%&@Hd&% r&@oﬁ%'bsi[@%@tSéHcﬁ\?@r%%Q%ree of

ol yneri zat .0
B I

pol yner i zat iditietfanayd geroXide 5 vvas obt ai ned. The reaction may be conducted
neat, that is, both the high nol ecul ar wei ght
Examples of other suitable peroxides, which in no way are limiting, include
benzoyl peroxide; lauroyl peroxide; other tertiary butyl peroxides;
2,4-dichlorobenzoyl peroxide; tertiary butyl hydroperoxide; cumene
hydroperoxide; diacetyl peroxide; acetyl hydroperoxide;
diethylperoxycarbonate; tertiary butyl perbenzoate; and the like.

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

The amount of initiator to employ, exclusive of radiation, of course, depends
to a large extent on the particular initiator chosen, the high molecular olefin
used and the reaction conditions. The initiator must, of course, be soluble in
the reaction medium. The usual concentrations of initiator are between
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olefin, acidic reactant and the free radical initiator are conbined in the
proper ratio, and then stirred at the reaction tenperature. Alternatively,
t he reactwonomaysise conducted in a diluent. For exanpl ePCrhis2000mcgoant s nmay
be conbined in a solvent. Suitable solvents include those in which the

ncl ude, acef one,

1 t t 1
Lo of Hanl S0 s fnaldt 'ﬁm%iqrggq?ﬁﬁ%'ﬁfcgémﬁ?5%%@%%9&56*6{@%%

di oxane, chlgreobhe8rRRee e sanaio ihre |ike. After the reaction is
conpl et e, voI atil e conponents may be stripped off. Wien a diluent is

enployed, it is preferably inert to the reactants and products forrred and
I's generall use In_an.amunt sufficient fo.ens . ffICIe I n

e pr epar at ooV reRgiR BRetbe aireuB e SrEREM: R & edR tpNainRS i Bsa
or pol yPI BSAnator t6 pro@ite therddsired fRretddidbls.| Forgs@er@é, uding b@ﬁ@@|ymhzat 1 on
can be initiated by any free radical initiator. Such initiators are well

known in t hep%f@t“deH@vt@@ém't|af{0|ﬁeth§H@ﬁ@t@rb‘femﬁ@étqra@iaaéle befveieatahoutdy " be
i nfl uenced ba}hot{\ﬁ Jt%eb' éﬁﬁfge% SR @R aﬂ&e Lftfs%r f)erq%ﬁ%reﬁﬁ adi cal
initiators are the perok yneri zation 51 7 At ors “and T ha azo-type

pol ynmer i zat ilower ténhperatures cBadbeaémpn)yedna aUEtabIbEbrua@darhge ohietmpreturés
reaction, if desjred. The perqgxide- t%&ﬁ(} ree-radical injtiator can be

organi c or |%‘?9}Qﬁtv¥,eerl Ao i anchal QW6 yeiRrgiertest iemreratieor
3where R3 i ¥eR =980t 302@%8%%0%9‘1’56%03 Is selected fromthe group
I sti gc%e%ﬂygrogen an

consi sting any organic radical. Both R3 and R 3can be

organi c radicals, preferably hydr ocar bon, aroyl and acyl radicals,

carrying, i fThdeerselarc:Foh p?éjspssutrle %Hggl%sbesgg#m tH) ma%\aln the solvent in the liquid
phase. Pressures can therefore vary between about atmospheric and

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

The reaction time is usually sufficient to result in the substantially complete
conversion of the acidic reactant and high molecular weight olefin to
copolymer. The reaction time is suitable between one and 24 hours, with
preferred reaction times between 2 and 10 hours.

As noted above, the subject reaction is a solution-type polymerization
reaction. The high molecular weight olefin, acidic reactant, solvent and
initiator can be brought together in any suitable manner. The important factors
are intimate contact of the high molecular weight olefin and acidic reactant in
the presence of a free-radical producing material. The reaction, for example,
can be conducted in a batch system where the 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 to a stirred reactor with continuous
removal of a portion of the product to a recovery train or to other reactors in
-2 -



etc. Preferred peroxides include di-tert-butyl peroxide, dicunyl peroxide,
and di-tert-anyl peroxide. Exanples of other suitable peroxides, which in
no way arwol2orazsesg, i ncl ude benzoyl peroxide; |auroyl peraszae/6srher
tertiary butyl per oxXi des 2, 4-di chl or obenzoyl peroxi de; terti ary but yl

hydr oper oxi de; . roperOX|d d|a r oxi de

v oper ox IS By THHBEIOSE Ban e s EAc0PD 2 55 SATechRliE AARER: and the
l'i ke. The aZ&o&é(é%e \Aﬂ%@i‘h%ﬂé%lqﬁ Wlédlﬁ‘é‘r \K)élgﬂl 8Iféﬁn |§b€6@d initially to the

-azobi si sobutyronithle, are also well-known free-radical pronoting

materi al s. Teeelor.emy ti‘@mﬁbara@wh@mﬁq@@wtomd thednitistariase @ddedigngdyalysaver in

t he nol ecul N wherein th l,ances are satisfied.b |c
Fadi cal 5. atTeadte isartg Can Ao pubhEPEIRGe 1 £ Bl ey fed e
car bon. Ot hEtfo rteﬂ@é Brefa@d 6@ BPONE 88 ndre pdiits allbﬁg flegcdilot limted to,
p- br onobenzenedi azoni um f | uor oborate; p-tolyl di azoam nobenzene;

p- bronbbenzenedi azoni um hydr oxi de; azomet hane and phenyl di azoni um hal i des.

A suitable I f - ounds can be found in U S. Patent No. 2,551
,81 3, issu e ik HQ Pi nkney. The anmount of initiator to

enpl oy, excl usive of radi ati on, of course, depends to a |large extent on the
particular initiator chosen, the ﬁ nol ecul ar ol efin used and the

reaction corfdiStApnige: /‘]‘(H@qrﬁ%f‘b&@kp Agring dinkdrg Ag&NSol ubl e in the

reacti on nmedium The usual concentrations of initiator are between0.001 :1
and 0.2:1 noles of initiator per nole of acidic reactant, with preferred
anmount s bet viedhne @re&xeEnt invemtion, theGstarting copolymer is reacted with a diamine

compound linking agent, thereby producing a hybrid succinic anhydride
copolymer. The diamine compound linking agent is a hydrocarbyl di-primary
amine, wherein the hydrocarbyl group is an aliphatic or aromatic group which
contains only hydrogen and carbon and further wherein the molecular weight
of the hydrocarbyl di-primary amine is no more than about 330. Examples of
suitable di-primary amines are ethylene diamine, propylene diamine, butylene
diamine, 1,5-diaminopentane, 1,6-diaminohexane, 1,7-diaminoheptane, 1,8-
diaminooctane, 1,9-diaminononane, 1,10-diaminodecane, 1,11-
diaminoundecane, 1,12-diaminododecane, 1,13-diaminotridecane, 1,14-
diaminotetradecane, 4,4-diaminobenzene, m-xylylenediamine, p-phenylene
diamine, 4,4’oxydianiline, and the like. Preferably, the hydrocarbyl di-primary
amine is ethylene diamine, propylene diamine, 1,6-diaminohexane, or 1,12-
diaminododecane. Preferably, the ratios of linking diamines to anhydride
groups ranges from about 0.05:1 to about 0.45:1, more preferably from about
0.10:1 to about 0.40:1 even more preferably from about 0.15:1 to about
0.30:1, and most preferably from about 0.125:1 to about 0.25:1.

Succinimide Derived from Hybrid Succinic Anhydride Copolymer
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The pol ynerization tenperature nust be sufficiently high to break down the
initiator to produce the desired free-radicals. For exanple, using benzoyl
per oxi de W 2010765088t i at or, the reaction tenperature canPo@/usetwndesv’about
75C and about 90 C, preferably between about 80 C and about 85C hi gher and
| ower tenpeéﬁgures can be enployed, a suitable broad range of tenperatures
bei ng bet wee?EBFAM™IE C and about 200C, with preferred tenperatures

bet ween about 50C and about 150 C. The reaction pressure should be
sufficient to nmaintain the solvent in the |liquid phase. Pressures can

t herefore vdnyafbléhhﬂeemb@ldimenmfrtbeWtionamMiW@im ahhytiéde but the
preferred pressure i.s atqnaph ric, TQf reac%ion tine is usuaILﬁ.Sﬁfficient
to result i ARSI ERTT |"Y'§‘ 2 SREPRT 8MIN N SPY RSN SEFAME P8 act ant
and hi gh nolEegdrablywiicabécotldedmmel corfPOMd BN allpiaticercro®atici Ne i s

sui tabl e between one and 24 hours, with preferred reaction tinmes between 2

and 10 hour SNORGAMBER RBYAENINE BE NyxbfeThereeictRreferablyatheosenondramipge

pol yreri zat i i . h ml.ecul ar wei ght ol efin, acidic reactant,
sol vent and %é%‘%%onggb@%rg%gh' lat ogether in any suitable manner. The
inportant factors are intimate contact of the high nol ecul ar weight olefin
and acidic reactant in the presence of a free-radical producing material.
The reacti orVIORGRMEESNpI e, can be conducted in a batch system where the

hi gh nol ecul ar weight olefin is added all initially to a m xture of acidic
reactant, initiator and solvent or the high nol ecul ar weight ol efin can be
added i nt er riBuitadohe Monoandoes inclaesingthybarmime, ethylamine, propylamine,

isopropylamine, butylamine, iso-butylamine, sec-butylamine, pentylamine,
hexylamine, heptylamine, octylamine, 2-ethylhexylamine, nonylamine,
decylamine, undecylamine, dodecylamine, aniline, naphthyamine, oleylamine,

cetylamine, and the like.

If an amine, i.e., a monoamine, is employed, it should be a primary amine,
secondary amine, or mixtures thereof. Preferably, the amine will have at least
10 carbon atoms, more preferably between 12 and 18 carbon atoms.
Although aromatic amines may be employed, it is preferred to use aliphatic
amines. Both saturated and unsaturated amines may be employed. Preferred
amines include aliphatic primary amines. Examples of suitable amines
include, but are not limited to, octadecylamine and dodecylamine. An example
of a suitable mixture of amines is tallowamine (a partially saturated mixture of

amines comprised mainly of C1g amines).

Polyamines

Preferably, the polyamine has at least three amine nitrogen atoms per
molecule, and more preferably, 4 to 12 amine nitrogens per molecule. Most

preferred are polyamines having from about 6 to 10 nitrogen atoms per

molecule.

-23-



reactor. Alternatively, the reactants may be conbined in other orders; for
exanpl e, acidic reactant and initiator may be added to hi gh nol ecul ar

wei ght olwbi2nio/a15488e reactor. I n another manner, the coRpOASA09/068070 he
reaction m xture can be added continuously to a stirred reactor with

ti f t f th t, 1 t
ot her T eact vV TP EBRR aoBierings s Faiee: o Dok Bearhi be car ri ed

out in a batghmRl BFéél%bIMSﬁleZEbe&%r%rgﬁtom BEUAIRYIcHB LG Tﬁé‘%lyénhlﬁeadded
initially to the reactor, and then the acidic reactant and the initiator

are added grraetesably hases carbes-toTHisogemeatioosf feem 1al & 16Ut abl y take place in
a coil-type reactor where the conponents are added at one or nobre points
along the coil. (B) The Am ne Conpounds First Am ne: A Hydrocar byl

Di - Phmary ArExaenﬂ;Jegl@feglté’@@ryolyammb@ tidtasRibe LSERS form thielRiceindhide’df
copolyner is reacted with a diam ne con‘g_ound | i nki ng agent, thereby

produci ng a thippRventincierivde thafgliawine: te Q@ﬂ‘yiﬁﬂe perHamiie menaeibmesand

i nki ng_agere e AL Ae 300 oty RIRRY S rphepRyA ocar by!

group is an a or aromat grioup Gh contai ns on rogen and

carbon and fccmer’nmal Gbertpziny ) tdrel Unloﬂ@zhr@ﬁdel\HP@hX rfavy o lyandine bl 3a75,
di-primary amne is no nore than about 330. Exanples of suitable di-primry

anmines are éV@lpeigdrAMatAiaR C%P'Qﬁﬁ%?@r%%% Pech BalyoMings encamp@ss
1,5-di am ”09%%@183Eh%scﬂréﬁw’&h€ﬁé‘iﬂ I%arﬁln@ba%r\cﬁ‘gﬂﬁﬁt@t'é? poTryémnes

di ami nooct ane 9-di am nononane I am nodecane

di ami noundedadeding, hﬁzemrbmsmmwed@elyamlmes dﬂlam)hbeadyepakyemlae 14-
di-am not etr adeeane antver L &0t AOGSRAAEl &5 AR TSI h s PePRod e

The polyamine reactant may be a single compound, but typically will be a
mixture of compounds reflecting commercial polyamines. Typically, the
commercial polyamine will be a mixture in which one or several compounds
predominate with the average composition indicated. For example,
tetraethylene pentamine prepared by the polymerization of aziridine or the
reaction of dichloroethylene and ammonia will have both lower and higher
amine members, e.g., triethylene tetramine, substituted piperazines and
pentaethylene hexamine, but the composition will be largely tetraethylene
pentamine and the empirical formula of the total amine composition will

closely approximate that of tetraethylene pentamine.

Other examples of suitable polyamines include admixtures of amines of
various molecular weights. Included are mixtures of diethylene triamine and
heavy polyamine. A preferred polyamine admixture is a mixture containing
20% by weight diethylene triamine and 80% by weight heavy polyamine.

Aromatic Amines
Preferably, the aromatic amine compound is selected from the following group

of aromatic compounds consisting of:
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di am ne, 4,4'oxydianiline, and the like. Preferably, the hydrocar byl
di-primary amne is ethylene diam ne, propylene diamne, 1,6-di am nohexane,
or 1, 12-woiamvnissedecane. Preferably, the ratios of |imkirng2aoassones t o
anhydri de groups ranges fromabout 0.05:1 to about 0.45:1 , nore preferably
fromabout 0.10:1 to about 0.40:1 even nore preferably fromabout 0.1 5:1
to about 0.30:1 , and nost preferably fromabout 0.1 25:1 to about 0.25:1 .
Succi ni ni de (Beri vaqutgr?@h@M%hgdﬁmﬁé méﬁreégmé@rwj@]e%ﬁgméner Second Amine In
a further enbodi nent the’invention, the hybrid succi n| c anhydri de
copolynmer is reacted with a sefgond\gm ne thereby /or ’QP a succini m de.
Preferably, the second am ne gonpou aliphatic”&r aronmatic nonoam ne
or pol yam ne or m xture$®t hereof P eferggll Y, \Qﬁ secf/nd am ne conpound is
also a primary am ne. Mnoam nes_Su/tabl e nonoa l ncl ude net hyl am ne,

et hyl am ne, propylam ne, isopropylam ne, butylam nef I so-butylam ne,

sec- butyl am ne, pentylam ne, hexyl am ne, heptylam octyl am ne,

2- et hyl hexyl am ne, nonyl am ne, decyl am ne, undecyl ani’ ne, dodecyl am ne,
ani l i ne, napht hyﬂigrisaH,eJl\Hydaram Nelalleeyly baaibnenchedior steaightkeéhain f an am ne,

i.e., a rmnoam n eppl o it. s ouI d be ry, amne, secondary
i e, ot ur dc BB AL paring AP eReCLAGbAR 44 BB A0 Sast 10
carbon atoms mr%lé&t@& ﬂbﬁbbbkyp%q%‘?@ﬂ all?o@f‘%rél& F&*Q%‘ryﬂt o i NRRUGh
aromati ¢ am nes rraNy enpl o i's préef erredto useal hat i c
(NH(CH2) n)mNHo, --NHaIkyI --NHaralkyl, --CH2 --aryI--NHz, in which n
and m each have a value from about 1 to about 10; and Ry is
hydrogen, alkyl, alkenyl, alkoxyl, aralkyl, or alkaryl, having from about

4 to about 24 carbon atoms.

Particularly preferred N-arylphenylenediamines are N-
phenylphenylenediamines (NPPDA), for example,
N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylenediamine, and
N-phenyl-1,2-phenylenediamine and N-naphthyl-1,
4-phenylenediamine. Other derivatives of NPPDA may also be

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

(b)  aminocarbazole represented by the formula:

\ \/NH2
R/// L R

N

H
in which R2¢ and Ry each independently represent hydrogen or an

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

(c) an amino-indazolinone represented by the formula:
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am nes. Both saturated and unsaturated am nes may be enployed. Preferred
am nes include aliphatic primary am nes. Exanpl es of suitable am nes

i ncl ude, Wot0mvEs088t |imted to, octadecyl am ne and dod@CyIsRI@6802N
exanple of a suitable m xture of amnes is tallowam ne (a partially
saturated m xture of am nes c%rrpri sed mai of Ci bam nes). Pol yam nes
Preferably, the polyam ne has | east ine nitrogen atons per

nol ecul e, and nore preferably, ens per nol ecul e. Most
preferred are pol yam nes having out 6 t? 10 nitrogen atons per

nol ecul e. Preferred pol yal kene pgl yam n al s ontain fromabout 4 to 20
carbon atons, preferably fromHENto 3 c oms,;per al kyl ene unit. The
pol yam ne preferably has a carbonN o-fitrogen ratio of from1l:1 to 10:1 .
Exanpl es of suitable polyamnes th can be used to formthe succinimdes
of this invention include the foll ow ng: tetraethyl ene pentam ne,

pent aet hyl ene hexam ne, Dow E-1 00 I'I’]eavy pol yam ne (Mh =303, available from
Dow Chem cal Conpambich BagisUnidoogétaoban alkyPradicdl demvingofobyaabout 1(thh =275,
avai |l abl e from Union rbi de Corporatjon). Such pol yam nes enconpass

i somers, such as Mﬁgﬁﬁﬂa%?w%l% nes, and substituted pol yam nes,

i ncl udi ng hydrocar byl - substituted pol yam nes. HPA- X heavy pol yam ne
contai ns an average of approximately 6.5 am ne nitrogen atons per nol ecul e.
The pol yani nd) r ecart aminaregrchptadriadate represemiedryy, thedorrylai cal |y will be a
m xture of conpounds reflecting comercjal polyam nes. Typically, the

T

H
(e) an aminoperimidine represented by the formula:
NH,

N/ NH

— Ry
in which Ry4 represents hydrogen or an alkyl radical having from about
1 to about 14 carbon atoms;

(f) an aryloxyphenyleneamine represented by the formula:

R2e
in which Rys is H, --NHaryl, -NHalkaryl, or branched or straight chain

radical having from about 4 to about 24 carbon atoms that can be alkyl,
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commercial polyamne will be a mxture in which one or several conpounds
predom nate with the average conposition indicated. For exanple,

t et r aet hyweneipessan ne prepared by the pol ynerizati on eCTasédiosss7or t he
reaction of dichloroethylene and ammonia will have both | ower and hi gher

pent act hyl ene’ hos ST, S IR/ ERLARPD cRenv T GG e N eyl ene

pent ani ne and _thquﬁamkr lop alNH AralRY, anw‘h.émﬁahatrﬁlea%mﬁhe/e%omgélfﬁdne?n wi |l
cl osely approximate that of tetraethylene pentam ne. O her exanples of

sui t abl e pol yani ragout Adb@aeusdti adeF’esISdiy ogernsaliof, alsenyuslkasyleardliol,
wei ghts. Included_are ure ie ene ani,.ne nd heavy pol yam ne.
A preferred pol ya%ar“éarg]dﬁia % “mﬁ?&rbé?“@%%tcﬁft?ﬂrh 5596 by wei ght

di et hyl ene triam ne and 80% by vvel ght heavy pol yam ne. Aronatic Am nes
Preferably, the aromatic am ne conpound is selected fromthe foll ow ng
group of aromati ¢\ BarHsulaftYPeiaTERG AT Yehen RN aaMiteisA-phenrpyenddeani ne
represented by the fornula: R18 is H --NHaryl, -NHal karyl, or a branched
or straight chain hydrocarbyl radical having from about 4 to about 24

carbon at onggyel et ednfatwaralieytomplidiegywo sadhaty growarsaliklyéd by aagrbapy! ;
R(2)i 91is --NH 2, el(éf gﬁ(ﬂ:ﬂHZé\&PrrNHZ - NHal kyl, -NHaral kyl, -CH 2
-aryl-NH 2 > in thlrﬁlPir Rllewing lerpdiaie from about 1 to about 10:

and R20 is hydrogen, alkyl ,rgl )ay-I:Y@I koxyl, ar orRQI karyl, having
from about 4 to about 24 carbomdat ons.

/<\\ / L \ >—R34
Y —Y,
wherein L is selected from —O-, -N=N-, -NH-, -CH2NH, -C(O)NRzg-, -
C(0)0O-, -SO2-, -SO2NR29- or —SO2NH-, wherein Rag and Ry
independently represent a hydrogen, an alkyl, an alkenyl or an alkoxy
group having from about 1 to about 8 carbon atoms;

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

R30 and Rsq independently represent a hydrogen, alkyl, aryl, alkaryl,
aralkyl, alkoxy, hydroxyalkyl, aminoalkyl, -OH, -NO,, -SOsH, -SO3Na,
COg2H or salt thereof, -NR41R42 wherein R4 and Ra42 are independently

hydrogen, alkyl, aryl, arylalkyl, or alkaryl;

Rs2 and Rss independently represent a hydrogen, an alkyl, an alkenyl or
an alkoxy group having from about 1 to about 8 carbon atoms, -OH, -
SOsH or -SO3Na;

R34 represents —NH,, -NHR35, wherein Rss is an alkyl or an alkenyl
group having from about 1 to about 8 carbon atoms, -CH2>-(CH2), —NH
or —CHs-aryl-NH2 and n is from 0 to about 10;
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Particularly preferred N-aryl phenyl enedi am nes are Nphenyl phenyl enedi am nes
(NPPDA), for exanple, N-phenyl-1 ,4-phenyl enedi am ne, N phenyl -

, 3- phenylwoedioztsese, and N-phenyl -1 , 2- phenyl enedi am ne pamdskboaapdorhnyl - 1 |
4- phenyl enedi am ne. Ot her derivatives of NPPDA may al so be included, such

N- I - ph I iamne. (b I ted b
The 1o mal &) n VAl SR A4hlE FORSIEH A M OGNRGI ey NBRY SBe At gen o1
an alkyl or al kenyhinoBEhsahidal, ahihooenalimliakoldaitp akfindeiAdRfl: At oS,

(c) an amino-indazolinone represented by the fornula:in R23 is
hydrogen or an al kyl radical having fromabout 1 to about 14 carbon atons;

and (d) an noner capt ot hazol e represented b he fornmula: (e) an
aninoperinlgﬂhe ng?gggﬁ?(ﬁeSﬁpgﬁgﬁ%ﬁﬁﬁﬁﬁﬁgbﬂﬁu&bich R24 represents
hydrogen or an al kyl radical havingRsg om about 1 to about 14 carbon atons;
(f) an aryl oxyphenyl eneam ne represeneo by the formula: in which R25 is H,
-NHaryl, -NHal karyl, or branched or 3 /y radi cal having from
about 4 to about 24 carbon atong\th | al kenyl , al koxyl,

aral kyl or alkaryl; R26 is --NHZ, - , -- NHal kyl, or
-NHar al kyl, in which n and m each ha rOm about 1 to about 10;
and R27 is hydrogen, al kyl, al kenyl, al koxyl, dralkyl, or al karyl, having
from about 4 to about 24 carbon atons; A partiqularly preferred

aryl oxyphenyl eneami ne i s 4-phenoxyaniline; H

wherein Rss represents a hydrogen, an alkyl or an alkenyl group having

from about 1 to about 14 carbon atoms;

0 an aminopyrrole represented by the formula:

R38\'/ \/\R37_NH2

NP

H
wherein Rs7 represents a divalent alkylene group having about 2 to

about 6 carbon atoms and Rsg represents a hydrogen, an alkyl or an
alkenyl group having from about 1 to about 14 carbon atoms;

(k)  aring substituted or unsubstituted aniline, such as nitroaniline or 4-

aminoacetanilide;
(h an aminoquinoline;
(m) an aminobenzimidazole;
(n)  aN, N-dialkylphenylenediamine;
(0) abenzylamine; and
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(g) an aromatic am ne conprising two aromatic groups, |linked by a group, L,
represented by the followng formula: wherein L is selected from-0O,
-N=N-, - NMO,20100H2088, - C(O)NR28- , - C(O O, -SO2- , -SOPNRAB20091063030 2NH-,
wherein R28 and R29 independently represent a hydrogen, an alkyl, an

al kenyl or an al ko 0 having from about 1 to about 8 carbon atons;
wher ei n eac?‘ a(ég %f}l EF%@ 34 are independently N or CH provided that Yi
and Y2 may not both be N; R30 and R3i independently represent a hydrogen,
al kyl, aryl, alkaryl, aral kyl, al koxy, hydroxyal kyl, am noal kyl, -OH, -NO2,
- SOBH, - SC3Nehe GuRppondsdescritiesr aisive in NIB%'r RapansrsistantRily desariged far e

I ndependent |y h |.al k 0 and R33
indeBendentl%}(ar”i[ﬂ 'g?qb“éh %’r §gEﬁ é”éz* “ﬁ?/ 3’n QR Qlﬂg@p%%&ﬁ%%g koxy group
havi ng fromaseaosurd devrﬁ@tﬁ)lgh&reﬁﬁTang)oaét@@Eoy reéfdtence SGBH or - SBNa; R34
represents -NH 2, -NHR35 , wherein 5 1is an al kyl or an al kenyl group

havi ng fromabout 1 to about 8 carbon atons, -CH2-(CH2)n -NH 2 or -CH
2-aryl - NH2 ' | azol e - rom
22yl N oM B QLR oro e T B8 SEAGR0b i b

am nobenzot hwitdeactobtheanOtrarianomlakiy lahtineg cde indlide suclaaimiesao! e

represented by the formula: wherein R36 represents a h dr oge an al kyl or
an al kenyl GBIRARAENKEMIRG] %%@dqt'?rdﬁ'z?éﬁﬁﬁsfﬁncb%'ﬁﬁ d&?% a variety of
reasons.

In one embodiment, the preferred aromatic amine compound is either N-
arylphenylenediamine or phenoxyaniline. More preferred , the aromatic amine
compound is N-arylphenylenediamine. Particularly preferred N-
arylphenylenediamines are the N-phenylphenylenediamines, such as for
example, N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylenediamine,
and N-phenyl-1,2-phenylenediamine.

In one embodiment, the preferred aromatic amine compound is either N-
arylphenylenediamine or phenoxyaniline. More preferred , the aromatic amine
compound is N-arylphenylenediamine. Particularly preferred N-
arylphenylenediamines are the N-phenylphenylenediamines, such as for
example, N-phenyl-1,4-phenylenediamine, N-phenyl-1,3-phenylenediamine,

and N-phenyl-1,2-phenylenediamine.
In one embodiment, the preferred aromatic compound is 4-(4-
nitrophenylazo)aniline, 4-phenylazoanline, N-(4-aminophenyl) acetamide, 4-

benzoylamine-2,5-dimethoxyaniline, 4-phenoxyl aniline, or 3-nitroniline.

C. The Succinimide

The hybrid succinic anhydride copolymer product can then react further with
an amine to produce a succinimde. The succinimides of the present invention
-29.-



(j) an am nopyrrole represented by the fornmula: wherein R37 represents a
di val ent al kyl ene group havi ng about 2 to about 6 carbon atons and R38
repr esentwoaotwusasgen, an al kyl or an al kenyl group haviPag/uSe@ostsout 1 to
about 14 carbon atons; (k) a ring substituted or unsubstituted aniline,
such as nitroaniline 4- am noacetanilid an am ol (m an
o nobensi mAtaRspaATeaty waciiats ERgn ek R BE o 8 BT neyi i ne.
and(p) a benzrsm saRelpreddif |ﬁ\%”ﬁ?i%HWl%1 Qﬁ%ﬁghmo@%%ﬂd‘m()%amlr(é)ér are
substantially described, for exanple, in Published S. Patent Application
No. US20060(Zs@MiBe, Dhaixtuas thereal. #f rangecd qf@rg@mlenratmscﬁfm@eéd by
reference. The abqve- é@crl hed, am ne ounds can_be Pﬁé’Y'ﬁhone or.

comnbi nati on rmaﬂ”@%@ﬁ‘ IH%? Calalbﬁeqsegl‘ 0} ‘?ﬁ‘ﬁ‘&s’séﬁﬂc %hgggﬂ am nes
as am nodi p@@hln@hﬁﬁydrﬁée&ﬁ)cﬂ%ﬂﬁeﬁ la%’lfﬂrgél"r\ﬁcﬂé?raﬂ@ﬂf Beina®) redesinihgr a

variety of reasons. In enbodi nent he preferred aromatic am ne
compound i s %lhyﬁéﬂelqéﬂﬂ WHUWFEW&H@H@W@G mmgmawmnderf@oneméo pref erred
, th |
oreferred. nTOR aRe AR IR natis N R L TOF suEahmiBLdddd.

for exanple frd\ch rbiybnaIsufl:mnftramﬁjmylbertmbomeramtmephem%ﬁﬁne using a CMR of
, 3- phenyl enedi am ne
1.0 has thé general formula:

PIB PIB — .
\

S
L Jk Oi; KO —oz—\(

PIB
— —Im

-A

pd
)

n

Wherein R is an aliphatic or aromatic g”rloup; and n, m, and k are 1 to 20.
When a polyamine is reacted with a hybrid succinic anhydride copolymer,
different charge mole ratios of amine to remaining anhydride may produce
different products. For example when a polyamine that contains at least two -
NH2 groups is reacted with a hybrid PIBSA using a CMR of polyamine to
remaining anhydride of 1.0, a mono-hybrid PIBSA succinimide may be

produced which has the general formula:

PIB PIB — .
\
N N NH;
i > :
2
PIB
— —m
L _1n
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and N-phenyl -1 , 2-phenyl enedi am ne. In one enbodi ment, the preferred
aromati ¢ am ne conpound is either Naryl phenyl enedi am ne or phenoxyanili ne.
Mor e pr efworet/g75a88e aronati c am ne conpound is N aryl piremgiServodssond ne.
Particularly preferred Naryl phenyl enedi am nes are the

N- phenyl phenyl enedi am nes, such as for {</arrpl e, N-phenyl-1

, 4- phenyl enedi am ne, N phenyl-1 | 3- phenal enedi am ne, and N-phenyl-1

, 2- phenyl enedi ami ne. I n one enbodi ment, the preferred aromati ¢ conpound is

4- (4- ni tropiBatgiaFoisatkyli aryl, of poh@minaLeatnining atheqst oagi asipkaHpgen
Cani de - e B i " i ne.
3hi roni | | oM ARG KOREANE & 41 BB aRls, b n, i, RRREHT K20 0001 yrer

product can RrefarablgaRtis polyaimimo eottairamg atiieast thoe@ niichged stosiscaichabole. The
succi ni m des, of _the present inventionare reBar ed by reacting the renaining
anhydri de grbifpé0 68raoRatRYIS: NdMpRBEAsarss 1 F‘h present invention with an
aliphatic or aromati c nonoam ne or polyam ne, or m xtures thereof. A range
of charge nole ratios of am ne to renmining anhydride can be used. Wen an

amne is reagcted. with hybri d _sucginic .anhydride.cop ner .charge nol e
Ptio of amecilath AP aLba AR AR EENNET oSS ot “Fhe
remai ni ng arryeteddeitiaingbrig Suteini ethigride imémiigleg bIeMR 6f not furt her
cross linked. The succinimde made from hybrid succinic anhydride copol yrmer
wi th a nono-RetyaieingdPAgMaininRashydride aEQ-5% ALigraNereIPIBSARUCEINIMGE B R i s

an al i phat i G, 0 QBB WHictIh8Y the §8Ferdl fdfnufyd k are 1 to 20.

PIB PIB
o N0 O N~ O O N~ O
i ) )
i z :
0 N_O 0o N 0 O N0
PIB PIB
. —In
\

Wherein R is alkyl, aryl, or polyamino containing at least one amine nitrogen
atom and from about 4 to 20 carbon atoms, and nis 1 to 20. Preferably R is
polyamino containing at least three nitrogen atoms and about 4 to 20 carbon
atoms, andnis 1 to 10.

Obviously when a hybrid succinic anhydride copolymer is reacted with a
polyamine that contains at least two —NH; groups using a CMR of polyamine
to remaining anhydride which is in between 1.0 and 0.5 a mixture of structures

which are intermediate between structures IV and V may be formed.

In another embodiment, a polyamine is reacted with a hybrid succinic

anhydride copolymer using an amine to anhydride CMR of 0.1 to 0.5.
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When a polyamne is reacted with a hybrid succinic anhydride copol yner,
different charge nole ratios of am ne to renai ni ng anhydri de nmay produce

di f f er entwpnotuosess For exanpl e when a pol yam ne that cenraisa@assoreast two
NH2 groups is reacted with a hybrid PIBSA using a CVMR of polyam ne to
remai ni ng anhyd 0. 'de may be produced
whi ch has t i A i HMMEl5r pol yam no
cont ai ni ng at Ieast one amine nltrogen aton1and fron1about 4 to 20 carbon
atons; and n, m and k are 1 to 20. Preferably R is pol yam no containi ng at
| east t hr ee Hiea hylyehseaaime aahudrémﬁmopdymr phtheapiesantinvestiomis preparetl k ar e
1 to 10. In addition when a. anlne t hat ﬁﬁntal 0S at .l east two -NH 2

groups is rd¥ct BPSESEHOLR %ré?&ﬂﬂ IedearRPEFPRRVESES §AEFCR5i ng a OVR of

pol yam ne tQ)ﬂt@ﬁélI)ﬂUﬁQera@hm)“ge@heplﬁ eOald héaM%\hhdl@émgeﬂt@%ﬂoﬁk&ﬁldbbm de may
be produced which has t eeéeneral ormula: V Werein Ris alkyl, aryl, or

pol yani no cof’ Qtﬁla@l&ﬂ TPeasPrioralynBrtiugnt obgwy ke enarasd qﬂtl@ﬁa%sb@n@lem to
20 b
Feast threo DPgBHbURgs T thel ShrtBresifl 2 Mg raliRE b RBbURLER ' P P

10. Qovi ouslqhav@em aptiopky dndem@nnrogearﬂfurgej td;ethecvpad:tprceThifsmixteae:tsed with a
pol yam ne that contains at least two -NH 2 groups usi n a CVMR of Itglam' ne

to renaini nd'@AE HNFIBEA BHIQIEN RUTDR 1B & REMIerdtuge ahaan@es‘ %[nrﬁb?%ﬂéo

structures ghout 200°C, thereby producing a hybrid succinic anhydride copolymer.

Optionally, a vacuum is applied to the mixture for about 0.5 to about 2.0 hours
to remove excess water. The hybrid succinic anhydride copolymer may be
isolated and stored, or further reacted with the second amine compound.

(E) Method of Making the Succinimide Additive Composition

The succinimide is prepared by a process comprising charging the hybrid
succinic anhydride copolymer in a reactor, optionally under a nitrogen purge,
and heating at a temperature of from about 110°C to about 200°C, preferably
from about 130 C to about 180 C, more preferably, from about 150 C to about
170 C. Optionally, a diluent oil may be charged optionally under a nitrogen
purge in the same reactor. A second amine compound is charged, optionally
under a nitrogen purge, to the reactor. This mixture is heated under a nitrogen
purge to a temperature in range from about 110°C to about 200°C, preferably
from about 130°C to about 180°C, more preferably, from about 150°C to
about 170°C. Optionally, a vacuum is applied to the mixture for about 0.5 to

about 2.0 hours to remove excess water.

The succinimide additive composition may also be prepared by a process

comprising charging the isolated hybrid succinic anhydride copolymer in a

reactor, under a nitrogen purge, and heating at a temperature of from about

110°C to about 200°C, preferably from about 130°C to about 180°C, more

preferably, from about 150°C to about 170°C. Optionally, a diluent oil may be
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which are i
anot her enb

Maki ng the
anhydride c
conpri si ng
nitrogen pu
170 C. Opti
purge in th
optionally
under a nit

a vacuumi s
renove exce
i sol ated an

nt er medi at e between structures IV and V may be forned. In

odinent, a polyamne is reacted with a hybrid succinic anhydride
copol ynerwo=org7assam ne to anhydride CVR of 0.1 to 0.5PCDuUSksdiocsd7of

Hybri d Succinic Anhydride Copol yner The hybri d succinic

AR o o N ABEE Ao pHige Pring PRI I0rOISSRAR y under

fineinbad Brated, to%ﬁ'“BﬁéW Uﬁ@eroé nft dg@hqm

g, t%Qh& ré&ctBpout

onally, a diluent ol be “‘charged opt’i onal gy under a nitrogen

eliamixiuea st feated UIndﬁkarrgtrQ@eranu ige toenieonprratuse dm sangsdfrom

AEh 13000 BBl PR nielaBB AR 1ol G RPOE B B abont

200 C, ther ehasrdop@%@brygfr@nhub@utmwmbrubbuanwetclOgtu@@aﬂm ¥RIcuLREE onal 1y,

applied to'the mxture for about 0.5 to about 2.0 hours to

Rpofiad de thq‘ﬁéXtH%fqr@béPu&Q@ﬁOcabﬂhﬁ?eﬂ h@@rsd@p’@rrw@rem§s be

tePred or further reacted with the second anine conpound.

(B)

Met hod of Making the Succinimde Additive Conposition The succinimde is

prepared by a process conpr|5|ng chargi ng the hybrid succinic anhydride
a reactor, optionally under a nitrogen purge,. and heating

copolynmer in

at a

t enper at ure Q‘F“tef PRI IGl it D28 beep fawarithal ddr-ordgarer adgdiop ftBedigsBine. 130 C

r tind 70 C.
qggg PBFé/Fn}é? 5Pf]&Iih?’épb%lgarmarged p%r?%ﬁgﬁéﬁggﬁp tQémtrogen pur ge
i n the sane susaninide. A are@mblanwhen cosgdosireéacts &d!mng'ed Wwithpa icopalymerunder a

to about 18
Optional |y,

ni trogen pu

8% pro l(J)ce he ﬁyebe}%t I9IBSAT he{nd tWeﬁtrgggtsltﬁe ;['Ig (I!’Ilggg\ev(/ tﬁaanI trogen

polyamine, one obtains a product with lower viscosity than when one reacts
the diamine, copolymer, and polyamine together at the same time. Itis
believed that the reason for the lower viscosity is because when one reacts a
diamine with a copolymer first, followed by the reaction of the hybrid PIBSA
with the polyamine, the succinimide that is formed has less cross-linking than
the product that is formed by reacting the diamine, copolymer and polyamine
together at the same time.

One or more of the reactants can be charged at an elevated temperature to
facilitate mixing and reaction. A static mixer can be used to facilitate mixing of
the reactants as they are being charged to the reactor. The reaction is carried
out for about 0.5 to 2 hours at a temperature from about 130°C to 200°C.
Optionally a vacuum is applied to the reaction mixture during the reaction
period.

(F) Lubricating OQil Composition

The lubricating oil additive composition (i.e., succinimide) 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
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purge to a tenperature in range fromabout 110 C to about 200C, preferably
fromabout 130C to about 180 C, nore preferably, from about 150C to about

170C. Optworraloogsosa vacuumis applied to the m xture foPCaSa090687¢ 0 about
2.0 hours to renove excess water. The succinim de additive conposition may

Cucci i aniR ANl NG vERcashY AN o ZGRIL 41 L GRS BLAgE Mang

heating at g ig.ure of from about 110 C to about 200C, preferably from
about 130C to about 180 C, nore preferably, from about 150C to about 170C.
Optionally, a diluent oil may becharged optionally under a nitrogen purge
In the sane tor con am ne_coppoun har tiQ aIIy under a
it ogen: par B BegF PhEHGEETEY M SoTe Wite VU BT on BRICARR Y ogen
purge to a t\ﬁéﬂtﬁr@twﬁ@bege bﬁ@mmﬁrrc@nhgbmbsulﬂgs&t Iros@droedmpeSitiéns AI=Rf er abl y
from about 130C to about 180 nore preferably, from about 150C to about

170C Opti otk TeTal QRO NSRS, dbAss ohBavilaANBcISY QlISBIRASD. 5 t o about
2.0 t f.ound th
Cder of2-2 XSt ePab%C Bhg é"’ﬁ‘éﬁ’ apou%‘bélﬁwsébé & gféf@Fﬂnyb 8P?§|09F@”&: [Qund t hat

the order of "addition © m ne pol'yam ne are

| mpor t ant  whdssinable. Thetbasesoisanay lmectmrlvédrfrmaypttetuo@nenatwabsdurcetg reacts a
diamne with a copol yner to produce thentgbrld Pl BSA, and then reacts t he
hybrid Pl BSAMef& Q.\'Srf%'i E&%ﬁa%éhe Bﬁ%e ebimal 'né(eBF'%mu% e e8Py scosity

o 1en “PRBRR, oL GAIOTO By SR IR A £ RN o P

because V\/nert:ormrrtmmtmnst §yathet|c 0|Is include, for example both hydrocarbon synthetlc
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, polyalphaolefin or PAO oils, or oils prepared from
hydrocarbon synthesis procedures using carbon monoxide and hydrogen
gases such as in a Fisher-Tropsch process. Useful synthetic hydrocarbon oils
include liquid polymers of alpha olefins having the proper viscosity. Especially
useful are the hydrogenated liquid oligomers of Cs to C12 alpha olefins such as
1-decene trimer. Likewise, alkyl benzenes of proper viscosity, such as
didodecyl benzene, can be used. Useful synthetic esters include the esters of
monocarboxylic acids and polycarboxylic acids, as well as mono-hydroxy
alkanols and polyols. Typical examples are didodecyl adipate, pentaerythritol
tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like. Complex
esters prepared from mixtures of mono and dicarboxylic acids and mono and
dihydroxy alkanols can also be used. Blends of mineral oils with synthetic oils

are also useful.
Thus, the base oil can be a refined paraffin type base oil, a refined naphthenic

base oil, or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating
viscosity. The base oil can also be a mixture of mineral and synthetic oils.
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diamne with a copolyner first, followed by the reaction of the hybrid
PIBSA with the polyam ne, the succinimde that is fornmed has |ess

cross-| i mkDregiovd1a088t he product that is formed by reacti mgTiuseoodioesvrne,
copol ymer and pol yam ne together at the same tine. One or nore of the
reactants c % e charged. an el evated tenperature to facilitate m xing
and reactiork Lol il feon e used to facilitate mxing of the
reactants as they are being charged to the reactor. The reaction is carried
out for about 0.5 to 2 hours at a tenperature fromabout 130 C to 200C.

Opti onal |y d-ukdicating o8 cappénteates @re atsoreradsipoed.nifkese eoacentrajes heualbact i on

eriod. (F) .Lubricatin ] QsSiti T | ubrpicati.ng ail |t Vve
onmosi t | on (0510ge 2 BB 90 MR Getran? 3o, trelaraBlyarh BbpyP el B,
base oi | thaibdus 59uftbh cafert oit 8f lLBREAKRY BisEBRItyHhdPRGMSabduRM 0SMBHTEd Bbbunt er nal
conbustion engi nes, gears, and transm ssions. Typically, the lubricating

oi I conposi t9bWfofithe Uprisating oil APdRVE SONMRARIIANS6.6. . SUsR|NENIdeRRIMESE oi | of

| ubri cati ng g/ i Q[}{é- ' - tﬂ%:- [ LN ' Ltive
conpositi On_f?’d]rﬁ%‘)@yaﬁsr?eél ol 'rgcrrpgbﬁgéerd': EWEW%ﬂ%rQy 0 hggé\dh%gé'barq—iyg!éf ”g‘?tﬂ gi | s of
| ubri cati ng consentrates. coh@in Basiiantldilaéni tebmbkatherg edsgtosiahgleudhigthg n such
conposi tions maa/mbe mneral ails or synthetic oils. A base oil hayi ng a

vi scosity ofSTiRPING 286 Sif.’r@g@stsudttab_lﬁ)di@%%ifoé tB%&P”B%TtF&teBéT%W%@”Y:_,'”er
ynt heti o ortIoaptPEyfefaclian oi Qabieing: (ORI 8S LRl iR FBMGARAEHAEY (hie
i nvention i rd redeljlyforedexitimplbgicating oils to prepare lubricating oil compositions.

Suitable lubricating oils that may be used as diluents typically have viscosity

in the range from about 35 to about 500 Saybolt Universal Seconds (SUS) at

100 degrees F (38 degrees C), although any oil of lubricating viscosity may be

used.

(H) Other Additives

In one embodiment of the present invention, the following additive
components are examples of some of the components that may be favorably

employed in the lubricating oil composition.

These examples of additives are provided to illustrate the present invention,
but they are not intended to limit it:

1. Metal Detergents

Sulfurized or unsulfurized alkyl or alkenyl phenates, alkyl or alkenyl
aromatic sulfonates, borated sulfonates, sulfurized or unsulfurized
metal salts of multi-hydroxy alkyl or alkenyl aromatic compounds, alkyl
or alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl
or alkenyl naphthenates, metal salts of alkanoic acids, metal salts of an
alkyl or alkenyl multiacid, and chemical and physical mixtures thereof.
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paraffinic, naphthenic and other oils that are ordinarily used in

| ubricating oil conpositions. Synthetic oils include, for exanple, both
hydr ocar bwo 281t7b@s8i ¢ oi | s and synthetic esters and m xPOTAS200006806 havi ng
the desired viscosity. Hydrocarbon synthetic oils may include, for exanple,
oils prepar%g fro tgﬁ. ol yneri zation of ethylene, polyal phaolefin or PAO
oils, or oil préggk of hydr ocar bon synt hesi s procedures using carbon
nonoxi de and hydrogen gases such as in a Fisher-Tropsch process. Usef ul
synthetic hydrocarbon oils include liquid polyners of al pha olefins having
t he proper vi scositi:oxiggpisoieducy thetengiengy of ohie tthgeliesgeatatuponiaxgpasdre

oligoners O C6 tgo C 2 al al.etins such as 1l-decene iner. Likew se,
2 kgl benzenes. oftSgpuies BPRsBLs (hR GO REogi SHEBIReR By B LAl s oo
Useful synthetic gsdgs and DafrisielikdBep6sisy, anqﬁcr@aaewws@essﬂg) 6f tAeigisangd
pol ycarboxylic acids, as well as npno-hydroxy al kanols an ol yol s. Typi cal

exanpl es are di ddﬁ’.e%@incﬁ%ﬁ;%iﬁéiormﬂrh@rrv?ﬁht amples ng:aﬁﬁ'@é{ nts useful in
di -2 et hylhexyl - alnad Seny N 380AE 2. or B0y ififieh 5 SongRTRgR: esters

prepared fromm x eS of nono and di carboxyl i ¢ aci d

di hydr oxy al kanol(pheaolic)lox@idtienusteititorsl snclsasf m neral oils with synthetic
oils are also useful. Thus, the b refined paraffin type

base oil, a refi &ﬂ'-w&&%mp@(%Qéa@@ﬁ_%fi%'bl,utﬁsﬁ%nbﬁ»%t,‘i{é%iwwmeékar bon or
o re e SUBARhSAA SSbCEa i Rachane o1 oor, o 2 e @
Lubricating oil HRemethyderesbis(4 nedtby-@reri-butyimenollhese concentr at es
usval Ly Tnclude 1) o BoRdne sl metfy B RtolfipherionP” ¢f erably from about 90
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-I-dimethylamino-p-cresol,
2,6-di-tert-4-(N,N'-dimethylaminomethylphenol),
4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-methyl-6-tert-butylphenol),
bis(3-methyl-4-hydroxy-5-tert-10-butylbenzyl)-sulfide, and
bis(3,5-di-tert-butyl-4-hydroxybenzyl). Diphenylamine-type oxidation
inhibitors include, but are not limited to, alkylated diphenylamine,
phenyl-alpha-naphthylamine, and alkylated-alpha-naphthylamine.
Sulfur-containing oxidation inhibitors include ashless sulfides and
polysulfides, metal dithiocarbamate (e.g., zinc dithiocarbamate), and
15-methylenebis(dibutyldithiocarbamate). Phosphorus compounds
especially the alkyl phosphites, sulfur-phosphorus compounds, and

copper compounds may also be used as antioxidants.
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about 50 wt% of an oil of lubricating viscosity and from about 10 wt% to
about 90 Wt % of the lubricating oil additive conposition (i.e., succinimde
derived fworeoe/iyissi d succi ni ¢ anhydri de copol yner) desecirhsdodassseron.
Typically, the concentrates contain sufficient diluent to make themeasy to
handl e duri ntTg Shi,&’rﬁi and storage. Suitable diluents for the concentrates
i ncl ude any T'ner t™df e;ﬂtt%ferabl y an oil of lubricating viscosity, so
that the concentrate nay be readilym xed with lubricating oils to prepare

| ubricating oil conpositions. Suitable lubricating oils that may be used as
di l uent s typi cal IAnthwear agerissedyce weahef maving metatiapais inseonditiensoat 500

Saybol t Uni versal conds 100 degr ees eqr.ees. a ough
any oil of lubri & BO\J/? Qég %Qprﬂfﬁyloggsﬁlgéﬂnplgﬁ)éf ﬁg gqlpﬁygg prone
enbodi nent of t heyrgires @ifitednty epfidsPhatddand mubwgma@éwahdv,glwﬂfm@@tents are
exanpl es of sone of the conponents that may be f avorabLEé npl oyed in the

| ubricating oil CHiPYIRIGSESIErReHI BRRGICESMHEORRIEXESY p&ﬁ@”bp&'fﬁﬂéﬂ to
illustrate the pr ggéta , ntendedtollmt it: 1.
Met al Detergents @'I urzeﬁﬁﬂ(ﬂ)byngﬁs?&?m% F@Xaﬁfﬁ? or aI kenyl phenates, al kyl

or al kenyl aromatic sul fonates, borated sulfonat es, sulfurized or
unsul fuhzed petal_salts_ of rrultl- édro IkyI or aI kenyl aromatic

conmpounds, dt-kyl RyStANRBAGTS (AErRWSt AGYHBY i ¢” sul fonates, sul furized or
unsul fuhzed al kyl

Rust inhibitors correct against the corrosion of ferrous metals. These
include (a) Nonionic polyoxyethylene surface active agents such as
polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether,
polyoxyethylene nonyl phenyl ether, polyoxyethylene octyl phenyl
ether, polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,
polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol
monooleate, and polyethylene glycol monooleate; and (b)
miscellaneous other compounds such as 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

Demulsifiers promote the separation of oil from water which may come
into contact with the oil through contamination. Demulsifiers include
addition product of alkylphenol and ethylene oxide, polyoxyethylene
alkyl ether, and polyoxyethylene sorbitan ester.

6. Extreme Pressure Agents (EP Agents)

Extreme pressure agents reduce wear of moving metallic parts in

conditions of high loads. Examples of EP agents include sulfurized
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or al kenyl naphthenates, netal salts of al kanoic acids, netal salts of an
al kyl or al kenyl nultiacid, and chem cal and physical m xtures

t her eof . ANDI20Di768@At S Ant i - oxi dants reduce the tendency Pofi/us2é09/068970
deteriorate upon exposure to oxygen and heat. This deterioration is

evi denced by the formation of s e and varnish-1i deposi ts, an increase
T Vi scosi by of el gl -4TPRBRsRiele (hTan Sy oREam IRk AT anp! os
of anti-oxidants dpiml ty 'é?],tdlﬁhéﬁ S8Afdel MERR ithehbriRtdtigie, RHlorRBRedI0t
limted to, phenol type (phenolic) oxidation inhibitors, such as
4, 4' - net hyl ene- bingphtitaldne tfararodlkylpblyséexane, lead naphthenate, neutralized or
4,4" -bis(2,6-di-terthutvl phenal)., 4. 4" -hbis(2-nethyl-6-tert-butyl phenol),
> 2 et hyl ene- bi/Gr I NG AT BH enpSpee Al fiprhosphates, 'ard st YicR
4,4' -butyl i dene- hitRlspharishy! - 6-tert - butyl phenol ),
4, 4" -i sopropylidene-bis(2,6-di-tert-butyl phenol),
2, 2" - et hyl ene- bi s(4- et hyl - 6- nonyl phenol ),
, 2" -isobut Wi dene- bi.s( dinet hyl phenol ),
5- et hyl'ene[]ﬁrf@k)i-l\?}r%@ﬂg}s- 6- cycl ohexyl phenol ),
I -tert-butyl-4-nmethyl phenol, 2,6-di-tert-butyl-4-ethyl phenol,
I methyl -6-tert-butyl -phenol, 2, 6-di-tert-I-di nethylam no-p-cresol,
i-tert-4-( N,E@t%@'ﬁéﬂ?{yfaé%%Rﬂr{a?tﬁ?ﬂ'?)ﬁgﬁoﬁ))?tear'c acid, oleic acid and
thiobi s(2- medifyl ry tREds R f)g1 | ted ester, qther est
2 thi obi (4 e R i QRAIERRIN aryine, boratad ertern QUSLESIEIS, (ori-1
- but yl benzyl) - sylfasgbatesndther phosphites besides tri- and di-hydrocarbyl

oo Q!

2

2,2
2,6
2,4
2,6
4,4
2,2
0-b
phosphites, and phosphonates.

8. Multifunctional Additives

Some additives function to provide many functionalities simultaneously.
In particular, the zinc aryl and alkyl dithiophosphates can
simultaneously provide antiwear, extreme pressure, and oxidation
inhibition. Especially preferred are the alkaryl, primary alkyl, and
secondary alkyl zinc dithiophosphates. Primary alkyl zinc

dithiophosphates are especially preferred.
9. Viscosity Index Improvers

Viscosity index improvers are used to increase the viscosity index of
lubricating oils, thereby reducing the viscosity decrease of an oil with
increasing temperature. Polymethacrylate polymers,
ethylene-propylene copolymers, styrene-isoprene copolymers,
hydrated styrene-isoprene copolymers, and polyisobutylene are all
used as viscosity index improvers. Particularly preferred viscosity
index improvers are the polymethacrylate polymers. Nitrogen- and
oxygen-functionalized polymers, the so-called dispersant viscosity
index improvers, may also be used.
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bi s(3,5-di-tert-butyl-4-hydroxybenzyl). D phenyl am ne-type oxidation
inhibitors include, but are not limted to, alkylated di phenyl am ne,
phenyl - alywbaoraphisiyl am ne, and al kyl at ed- al pha- napht hyPamxiuse009/068070

Sul fur-contai ni ng oxidation inhibitors include ashless sulfides and

pol ysul fides, netal dithiocarbamate (e.g., zinc dithiocarbamate), and
15- net hyl enebi s(di butyl di t hi ocarbamat e). Phosphorus conpounds especial ly

the al kyl phgsphip&§ PSHI p_‘)gbrdgggﬁ@horus conmpounds, and copper conpounds may
al so be used as antioxidants.3 . Anti-War Agents Anti-wear agents reduce

wear of nmoving netallic parts in conditions of continuous and noderate
| oads. Exanpl es such .agents mc!)ude { _are . not Ilmked t o, phosphates

and t hi ophosphat Olﬁrﬁf)"%t psreﬁ?é}% wertggggwgggastur @tt\@rlj'g WaESmol ybdenum
conpl exes. ESpecgbb}bltﬁfeeétﬁfdfﬂi@brmﬁlhgﬁ)ﬂé mmn% thgparature range

phosphat es. I nhibitors (Antr-Rust Agents i nhi bitors correct

agai nst the corr d8ivgHcthihe leprigatinthel gar ODM@@efo@mcf@w i8)ImasliedniRour

pol yoxyet hyl ene uryl ether,
Dol Yoxyet hyl ene MEMPIRENLE RGN BoSHENAMAR-HIREL MOFFGR TV Per
pol yoxyet hyl ene Q:dpyolynpéleredpeetam?re,thm@rhe'omyeadfetbw@omymé@taedrqtlherst her,
pol yoxyet hyl ene ol eyl ether, pol yoxyethyl ene sorbitol nonostearate,

pol yoxyet hyl ene sorbitol nonool eate, and pol yet hyl ene gl ycol nonool eat e;
and (b) m scgl | angpis IMiBgsrsCoMpounds such as stearic acid and other fatty

Foam inhibitors work to accelerate the release of gas entrained in a
lubricant during operation. Common foam inhibitors include alkyl
methacrylate polymers and dimethylsiloxane polymers.

12. Metal Deactivators

Metal deactivators hinder corrosion of metal surfaces, and chelate
metal ions in solution in lubricating oils, thereby reducing oxidation
caused by the catalytic effect of the metal ion. Common metal
deactivators includes salicylidene propylenediamine, triazole
derivatives, mercaptobenzothiazoles, thiadiazole derivatives, and

mercaptobenzimidazoles.

13.  Dispersants
Alkenyl succinimides, alkenyl succinimides modified with other organic
compounds, alkenyl succinimides modified by post-treatment with
ethylene carbonate or boric acid, esters of polyalcohols and
polyisobutenyl succinic anhydride, phenate-salicylates and their
post-treated analogs, alkali metal or mixed alkali metal, alkaline earth
metal borates, dispersions of hydrated alkali metal borates, dispersions
of alkaline-earth metal borates, polyamide ashless dispersants and the
like or mixtures of such dispersants.
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acids, dicarboxylic acids, netal soaps, fatty acid amne salts, nmetal salts
of heavy sulfonic acid, partial carboxylic acid ester of polyhydhc al cohol,
and phospworow/esiser. 5 . Denul sifiers Denul sifiers prororastée/ossepar ati on
of oil fromwater which may cone into contact with the oil through

contam nation. Denulsifiers include addition product of al kyl phenol and

et hyl ene oxi de, pol yoxyethyl ene al kyl ether, and pol yoxyet hyl ene sorbitan

ester. 6 . Ext WRARFOESSH O tRYPREsent FReNBAt S) Extreme pressure agents
reduce wear Of noving netalfic parts in conditions of high |oads. Exanples
of EP agents include sul furizedol efins, zinc dialky-21-dithiophosphate
(primary al kyl econdary al kyl, and arvyl .type),. di phenyl 1 fid net hyl
{F1 chtor oot et BRERTHERY adutie rafitstio b FRberEaRRARbe) diarb ZThETR) enc
napht henat e,sueektic ahhydifledsodoiirhén|df thé prgent irkRAtioN asaidéEH an oil of

di t hi ophosphates, and sul fur-free phosphates. 7 . Friction Mdifiers Fatty

al cohol , f atlulricating \iseasdy iteergby dproducing edvbricaiivgril earapesitien.dThehd ot her
fatty acids - S~ ) ] r . , r
phosphat es. 'aprGRtingiol &hG85ton BOhfatts, e eHeRte SRS pG WEHSBRIREY | oo
and phosphormabpertie8 of tidilUbricatied obidieampéaitioni. vescordinglyath pregeat f unction to
provi de many functionalitjies sinul taneousl_r¥1. , , , ,
invention is also directed to a method of improving dispersancy in an internal
combustion engine which comprises operating the engine with the lubricating

oil composition of the invention.

(J) Fuel Compositions

When used in fuels, the proper concentration of the additive necessary in
order to achieve the desired effect is dependent upon a variety of factors
including the type of fuel used, the presence of other detergents or
dispersants or other additives, etc. Generally, however, and in one
embodiment, the range of concentration of the additive in the base fuel is 10
to 10,000 weight parts per million, preferably from 30 to 5000 parts per million
of the additive per part of base fuel. If other detergents are present, a lesser
amount of the additive may be used. The succinimide additives, derived from
a hybrid succinic anhydride copolymer, of this invention may be formulated as
a fuel concentrate, using an inert stable oleophilic organic solvent boiling in
the range of about 150°F to 400 °F. Preferably, an aliphatic or an aromatic
hydrocarbon solvent is used, such as benzene, toluene, xylene or higher-
boiling aromatics or aromatic thinners. Aliphatic alcohols of about 3 to 8
carbon atoms, such as isopropanol, isobutylcarbinol, n-butanol and the like, in
combination with hydrocarbon solvents are also suitable for use with the fuel
additive.
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In particular, the zinc aryl and al kyl dithi ophosphates can sinmultaneously
provi de antiwear, extrene pressure, and oxidation inhibition. Especially

pr ef er r edwaneiwdisosal karyl , primary al kyl, and secondar y Parkiskooionsn70

di t hi ophosphates. Primary al kyl zinc dithiophosphates are especially
preferred. osi t rovers, Viscgsity. index. inprovers are used
Po°i nor ease INitRe 45 CaPEYratRatae STONTE: Be ARG Y BE GEInaY Fgast Bg t he
viscosity detférééﬁﬂ%y)\ke@'ﬁt ahd g‘éhbl’!al!yﬂﬁft%&%é@@ 7OEREERIBY Reig HP'd@@rﬁﬁ?rW ate
pol ymers, ethyl ene-"propyl ene "copol yners, styrene-isoprene copol yners,

hydr at ed st yframé-tosxhareenare e Is froamdo;i@wm@ghtmr@ﬁet are all used as
viscosity index inprovers. Particularly preferred viscosity index inprovers
are the pol ynet hacryl ate polynmers. Nitrogen- and oxygen-functional ized

pol yners, tha ¢olidé firds BtEOEILBRAIdINISS Aflyibe EMPRYYEdNPIEPIRY Sddifives @f so be
used. 10 . Pour Point Depressants Pour point depressants |ower the

t enper at ur e B PABS)IM Ime@(é@npm&%ﬁg doeexamplgs OkyaRNates i SghAs sbutyhus
t endi t t
o o7, UG AR, M D oo

before oil OW’I S| s IncC

met hacr yl at e¢scargohgr, anbleitrher mgp@’san’smeteﬁgems alulcy aat tndrecarbyl ayineacet at e
copol yners, and others 11. Foam | nhi bitors Foaminhi bitors work to

accel erate tW@r(P%qu)ﬁs@lb(Pxé%lsy@H?} amngs. inydepcarbyl poly(oxyalkylene)
aminocarbamates, succinimides, or Mannich bases. Additionally, antioxidants,

metal deactivators and demulsifiers may be present.

In diesel fuels, other well-known additives can be employed, such as pour
point depressants, flow improvers, cetane improvers, and the like.

The following examples are presented to illustrate specific embodiments of

this invention and are not to be construed in any way as limiting the scope of

the invention.
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| ubricant during operation. Common foaminhibitors include alkyl

nmet hacryl ate pol yners and di net hyl si | oxane pol yners. 12 . Metal

Deact i vatwo=oMat7aissdeact i vat ors hi nder corrosi on of mnet @CTAseéwesn;70 and
chelate netal ions in solution in lubricating oils, thereby reducing

oxi dation caused by the catalytic effect of the netal ion. Common netal
deactivators includes salicylidene prgﬁﬁﬂgﬁﬁdianine, triazol e derivatives,
mer capt obenzot hi azol es, thiadi azol e derivatives, and

mer capt obenzi m dazoles. 13 . Dispersants Al kenyl succinim des, alkenyl
succi ni m des nodified with other orgdmampléerpounds, al kenyl succi ni m des

nodi fi ed by post-treatnment w th et hyl en a r boric acid, esters of
pol yal cohol s and pol yi sobut en repsaﬁ%tic?m?ﬁp@}ﬁﬁﬁ'&t@wphenat e-salicylates and

their post-treated anal ogs, alkali netal or mxed alkali netal, alkaline
earth netal borates, dispersions of hydrated al kali netal borates,
di sper si ons 43059mA1S @fhighmethiwirylidene RekisobyianeRa iR adHrelaer aNespee sant s

and the lik .~ - i : e
prosent. | nvaRPSHEEHEET (P10 FHo R AR E FoehliRABEHe Bonterf gPantit
succi ni m de 8% i(waithfis eonanénciallyhvailablerfram BASE ahdés kopohyzer) of the
present invention js added to an oil of Iubricating viscosit¥ t her eby

produci ng a qa'l'ﬁ’rﬁopé'hﬂ QQ@ Was FQ@fﬂﬁgstPﬁ_ eRclofiad thBreeeler WGSJH19aRGBsi ti on
contacts theeppaiAGre bR B0°ENS8IFARESARNEN anhydride and 54.14 grams of

dicumyl peroxide were fed to the reactor. The temperature of the reactor was
maintained at 150°C for 1.0 hour after the maleic anhydride and dicumyl
peroxide are charged to the reactor. The reactor was heated to about 200°C
over a period of about 1.0 hour, after which a vacuum was applied to reduce
the pressure to 0 psia while maintaining the temperature at 200°C. The
reactor was held under vacuum pressure for about 1.5 hours at 200°C. The
reactor pressure was then increased to ambient conditions and the product
was then filtered to provide the neat product.

Example 2
Preparation of polyPIBSA 2300

The process of Example 1 was repeated except that 2300 Mn weight
polyisobutylene was substituted for the 1000 Mn weight polyisobutylene.

Example 3
Preparation of hybrid succinic anhydride copolymer from ethylene diamine
and PolyPIBSA 1000 using amine/anhydride CMR = 0.125

PolyPIBSA 1000 (SAP number = 83.7mgKOH/g, 51.5% actives in diluent oil),

as prepared in example 1, was used for these examples. PolyPIBSA (1000g,

746mmol) was added to a 3000 ml, four neck round bottom flask equipped
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properties of the lubricating oil conposition. Accordingly, the present

i nvention is also directed to a nmethod of inproving dispersancy in an

i nt ernal wonbugt7s@s engi ne whi ch conpri ses operating theceruszeve/oed0rh t he
| ubricating oil conposition of the invention. (J) Fuel Conpositions Wen

sed in fuels, t rqoper .concentration aof the, additive essar n order
o cht ey thith BtkA SBEF 18Ry S Tae Tl shiirel A6 DM PN G A g0 HEn T ditedy &
i ncl udi ng “’I?ch%éﬂ@ d?émfdée{5 6'1593(?93 diend? \%@ﬂ?éh Qﬁd&! Bthp ﬂ/ﬁéeeétwq 609
di spersants or other additives, etc. neral ly, however, and in one

enbodi ment , After adghilipn was compieter He lempsiratune ot reacton wastaisesse fuel s

A0 110, 200 LB W APl RL B LRI Ry Per

present, a |RABSr TABAUNE rééctbhaN@éidoéled@o R the Hypeid. suEbﬁmcsalﬁwydﬂd@ de
addltlves derived froma succi ni ¢ anhydride copolyner, of this

h
i nvent i on mePPOYMES; rﬂjﬁ%f\écg/ée raimbes|= 6@ M KRA/g, Vigeosity @n100i& £ st abl e
ol eophilic Of 32| §ts?b%qg%h8%llhﬁ%b\{1the range of about 150 F to 400 F.

Preferably, an ar I'c or an aromatic hydrocarbon solvent is used, such
as benzene, toluene xyl ene or higherboiling aromatics or aromatic
thinners. Aliphatic alcohols of about 3 to 8 carbon atons, such as
i sopropanol , isobutyl carbinol, n-buta@dPlehd-2he like, in conbination Wwith

hydrocar bon sel folbeh hieRievER |Wf h e.ln
t he fuel concen%(%'téeo bﬁeﬁﬂéﬁﬁﬁ&' I? hgaa%%:dtéﬁo 'l fotfel Hg)i?écp nar ! é{at
| east 5 percent byER&)ghtd I%ainMﬂﬁOOyasm@totbgcaemaénlpmirMMﬁ/ vvei ght,
preferably
The procedure of Example 3 was followed exactly except that different
amine/anhydride CMR ratios were used. The hybrid succinic anhydride
copolymers chemical and physical data are reported in Table 1.

Table 1
Hybrid succinic anhydride copolymer made from polyPIBSA 1000 and
ethylene diamine (EDA).

Example [ Amine/anhydride | polyPIBSA % Amine | %N | Vis @ SAP No.
CMR 1000 (g) unreacted EDA 100C, | mgKOH/g
anhydride (9) cSt
3 0.125 1000 25 561 |0.30 168 60.2
4 0.19 1000 38 8.52 |042 189 441
5 0.25 1083 50 12.14 | 0.58 228 43.0
Examples 6-8

Preparation of hybrid succinic anhydride copolymer from 1,6-diaminohexane
and PolyPIBSA 1000

PolyPIBSA 1000 (SAP number = 83.7mgKOH/g, 51.5% actives in diluent oil),
as prepared in example 1, was used for these examples. PolyPIBSA was
added to a 3000 ml, four neck round bottom flask equipped with a Dean Stark
trap, a mechanical stirrer and a dripping addition funnel. 1,6-diaminohexane

(DAH) was crushed and then added as a powder at 35°C. The temperature of
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from5 to 50 and nore preferably from 10 to 25 wei ght percent. In gasoline
fuels, other fuel additives may be enployed with the additives of the
present iwoentowomssi ncl udi ng, for exanpl e, oxygenates, ®OTIUSa®I06d00M VI

met hyl ether, antiknock agents, such as nethyl cycl opent adi enyl manganese

tri b |, d oth di , h hyd I i ,
DO S St SRS T ACShat S501 o L B
am nocar baneifpepRLRL | THETLHRBIoWeNRRRER nARRSel St dRARI o the amine

antioxi dants, netal deactivators and denulsifiers may be present. In diesel
fuel s, ot herangegverk hown afiddvardsds sty the psaglesged the (edctian. doerpreduet
depressants, flow inprovers.. cetane i nprqvers d. i ke. The follow ng
exanpl es ar ew?ﬁ &?eW@@?lbcqq'? GEE‘Y%H%e é@%@Y?‘FE"Qﬁ@%‘?‘D@%P‘s kﬁ?e ?W”Q'CﬁLventi on
and are not 4r@l Sieysie propertles Bf &Ky phsiucaard sHowh MY Thbe Bcope of the

i nvention. Exanpl es Exanple 1 Preparation of polyPl BSA 1000 4005 grans of
hi gh nmet hyl vi nyl i dene pol yi sobut ene havi ng a nunber average nol ecul ar

wei ght (M) of about 1000 and a net hyl a2 dene content of about 76%
(which i s conhybddasutginavanHyalide dopomnB#Shade doins pkiyb\NBSAs 000 axbps- 1000)
was charged to a reactor and thedigainbbexaws(wd)ed to a tenperature of
about 150 C. 589 grans nal ei ¢ anhydri de and 54. 14 grans of dicunyl peroxide

were fed t EBRpegAiRannidiRe] @BRRPBEAUT € 9] [ NEARRAJIRN Wask @Bl rsam Ned| at
150 C for 1.0 hour| aftemrt he maheioqgpnhyidceda [amhrdijcuny|l 100C, | mgkoH/g
anhydride (9) cSt
6 0.125 700 25 766 (029 178 44.3
7 0.19 700 38 11.65 [ 0.46 | 217 31.0
8 0.25 700 50 1532 | 05 [ 261 16.3

Examples 9-11
Preparation of hybrid succinic anhydride copolymer from 1,12-
diaminododecane (DADD) and PolyPIBSA 1000

PolyPIBSA 1000 (SAP number = 83.7mgKOH/g, 51.5% actives in diluent oil),
as prepared in example 1, was used for these examples. PolyPIBSA was
added to a 3000 ml, four neck round bottom flask equipped with a Dean Stark
trap, a mechanical stirrer and a dripping addition funnel. 1,12-
diaminododecane was then added drop-wise at 100°C all at once. The
temperature of the reaction was raised to 165°C after addition of the amine
under a nitrogen atmosphere. The reactions carried out to make Hybrid
succinic anhydride copolymer 1000 with DADD are shown in Table 3 along
with analysis results of each of the products.
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peroxi de are charged to the reactor. The reactor was heated to about 200C
over a period of about 1.0 hour, after which a vacuum was applied to reduce
t he presswpeoton788psi a whil e mai ntai ni ng the tenperat ur @CaUS2@I/068070he
reactor was hel d under vacuum pressure for about 1.5 hours at 200C. The
reactor pressure was then increased t Et?Toi ent conditions and the product
was then filtered to provide the neat Qdct Exanple 2 Preparation of

pol yPI BSA 23d0Ybritksyscitie a8nydrigs: sapplsmer made EXRRAW B/ pP09 gRE 128360 M
wei ght pol yi sobutyl ene was subsdigfinastpdesane feABBN0 Mh wei ght

pol yi sobutyl ene. Exanple 3 Preparation of hybrid succinic anhydride
copol yner f|rixameleh\Anamgantydite n@ogR@SRgl y PIBSA (180DeusicNg| afd @e/| BRI de
CVR = 0.1 25 Pol yRI BSACMBO0 ( $SAPGUaberuntea®@d7IngREPY |g, 5| 10680 aowKOEY |i n
diluent oil)), as prepared in exanple 1, anwdidasied(@or| t hese cekanpl es
Pol yPI BSA (|_1090g,| 7466042 ) s affed |t o 353000 56, f3f | ndtk 1 oufd2 hat t om
flask equifdped@ith a DOA8 Stark t308p |a nB&hani A1 1040 br 2&hd|a 330 pp{i ng
addition funnell Bt hyl 828 di ani ne005 61 5093 [Pi#B2)| Qaphs| t B8 adde4d0

drop-wi se at 90-1 000C. After addition was conplete, the tenperature of the
reaction was raised to 1650C under a nitrogen atnosphere. The reaction was
hel d at 165C for 2 hours. Then the reaction was cooled to give the hybrid
succi ni ¢ anhydride copol yner; 0.3%N, SAP nunber = 60.2ng KOH g, viscosity @
1000C = 168.4 cSt. This is shown iExbaies ¥2-14

Preparation of hybrid succinic anhydride copolymer from ethylene diamine
and PolyPIBSA 2300

PolyPIBSA 2300 (SAP number = 41.9mgKOH/g, 47.9% actives in diluent oil),
as prepared in example 2, was used for these examples. PolyPIBSA was
added to a 3000 ml, four neck round bottom flask equipped with a Dean Stark
trap, a mechanical stirrer and a dripping addition funnel. Ethylene diamine
was then added drop-wise at 90-100°C. The temperature of the reaction was
raised to 165°C after addition of the amine under a nitrogen atmosphere. The
reactions carried out to make Hybrid succinic anhydride copolymer 2300 with
ethylene diamine are shown in Table 4 along with analysis results of each of

the products.

Table 4
Hybrid succinic anhydride copolymer made from polyPIBSA 2300 and
ethylene diamine

Example [ Amine/anhydride | polyPIBSA % Amine | %N | Vis @ SAP No.
CMR 2300 (g) unreacted EDA 100C, | mgKOH/g
anhydride (9) cSt
12 0.125 1000 25 2.83 [0.22 283 18.3
13 0.19 1000 38 430 |0.25 304 9.3
14 0.25 1000 50 5.66 [ 0.31 334 8.8
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Exanpl es 4-5 Preparation of hybrid succinic anhydride copolyner from

et hyl ene di am ne (EDA) and Pol yPI BSA 1000 usi ng ot her am ne/anhydri de CVR
The procewonelodf7s@sanpl e 3 was fol |l owed exactly except wPhatusddobioesoent

am ne/ anhydride CVR rati os were used. The hybrid succinic anhydride

copol ymers chem cal and physical data are reparted in Table 1. Table 1
Hybrid succinic anhydride copol ymer=%35 $1§'rﬂo7i)ol yPI BSA 1000 and et hyl ene
di am ne (EDAprefxaifiBh @ h§bfd Bne@ﬁrcaén@@riaé dagerynﬁﬂer&k&ﬁlm-@iaaﬁihmék%

copol yner from 1, 6-di am hohexane and Pol yPI BSAl OO0 Pol yPI BSA 1000 ( SAP
nunber = 83. 7ngKOH/ g, 5 1.5% act i auspolPtBSH3000i 1), as prepared in
exanple 1, was used for these exanpl es. Pol yPl BSA was added to a 3000 m,
four neck round bottom flask equi pped with a Dean Stark trap, a mechani cal
stirrer and polgPiBSA 28004SAP mimbemnaal .orgROM/ g nobesenes(iPAifieMesi)cr ushed
and then added as a%f.owder at 350C. The tenperature ofthe reaction was

rai sed to 16B0TTERATRS INRKANPIER, Wras kredalier esererampleni t PelyBIBAA waspher e.
The sanpl es HIrE‘(é 1 et ] ery
hour afterwar se%ttéaégﬁqod[?/ hehgbgégéﬁr{og?o@ﬂ fﬂﬁggc%tqﬁkﬁ%%%%ﬁ%%gsta&gs t he
hybri d succitrap; sambyldanidel stiorolanaes ddo0i0g widditidoAtbnndhel 6 idamialhexade

hysi cal properties of this product _are shown in Table 2. Table 2
Pry P \AF/)as then added drop-veise at 35°C. The temperature of the reaction was

raised to 165°C after addition of the amine under a nitrogen atmosphere. The
samples were taken immediately after addition of the amine and every hour
afterwards to study the progress of the reaction. The reactions carried out to
make Hybrid succinic anhydride copolymer 2300 with DAH are shown in
Table 5 along with analysis results of each of the products.

Table 5
Hybrid succinic anhydride copolymer made from polyPIBSA 2300 and 1,6-
diaminohexane (DAH)

Example [ Amine/anhydride | polyPIBSA % Amine | %N | Vis @ SAP No.
CMR 2300 (g) unreacted DAH 100C, | mgKOH/g
anhydride (9) cSt
15 0.125 1000 25 547 [0.18 284 11.0
16 0.206 1000 41 9.00 | 0.26 315 7.7
17 0.25 1000 50 10.95 | 0.28 338 7.4

Examples 18-20
Preparation of hybrid succinic anhydride copolymer from 1,12-
diaminododecane and PolyPIBSA 2300

PolyPIBSA 2300 (SAP number = 41.9mgKOH/g, 47.9% actives in diluent oil),
as prepared in example 2, was used for these examples. PolyPIBSA was
added to a 3000 ml, four-neck round bottom flask equipped with a Dean Stark
trap, a mechanical stirrer and a dripping addition funnel. 1,12-
diaminododecane was then added drop-wise at 100°C all at once. The

temperature of the reaction was raised to 165°C after addition of the amine
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Hybrid succini c anhydri de copol yner made from pol yPI BSA 1000 and 1, 6-
di am nohexane (DAH) Exanples 9-1 1 Preparation of hybrid succinic anhydride
copol ynerwbnom/mzsosﬂ- di ami nododecane (DADD) and Pol yPl BEA/US@9/05807¢ Pl BSA

1000 ( SAP nunber 83. 7mgKOH/ g, 5 1.5% actives in diluent oil), as prepared
in exanple 1 suedfo th see npl es SA a 3000
i Sour nedldibanitises Smpraie o ieseatons rrenau: (Smake v o

mechani Ca' %cbfn%aﬁﬁ%rﬁiedéd VA8 Q%b WltﬂrDADDr&b shbwkein THRE6HIgRglecane
was then added drop-w se at 1000C all at once. The tenperature of The

reaction waletfaBB@NSIS@&@a)Qf%Q@fthadlrodmtsof the am ne under a nitrogen
at nosphere. The reactions carried out to make Hybrid succinic anhydride

copol ymer 1000 with DADD are shown in Table 3 along with analysis results
of each of the products. Table 3 Hybridragiee ni c anhydri de copol ynmer nade

from pol yPl B34y {08 @ilc %nh}&nd@'b@&l%@?ﬂ%@fﬁo&] IBSRDBOG and 2 12
Preparation of” hybrid succihic anh?%kh drﬁ)&% rom et hyl ene di ani ne
and Pol yPI BSA 2300 Pol yPI BSA 2300 nu

4 1. 9rrgKC]—I/ g, 47.9% actives
in diluent 1 1} He L,o WasS "SEu f hese—exgnpltes
Pol yPI BSA W;Esxa{é]alﬁe Z\nvne%ﬁiéﬁﬁﬁ g&@gy{ %ggkte;joulgﬁ ot t’on \}ES Kk %%\%%ed
Wi th a Dearn Stark anhydride Q) oSt
18 0.125 300 25 283 |0.15 290 21.0
19 0.19 300 38 430 |0.22 330 13.1
20 0.25 300 50 5.66 | 0.28 389 9.9

Examples 21-35
Preparation of polymeric dispersants from hybrid succinic anhydride
copolymer and heavy polyamine (HPA)

Hybrid succinic anhydride copolymer, as prepared in examples 3-11 from
PolyPIBSA1000, was added to a 1000mL four-neck round bottom flask
equipped with a Dean Stark trap, a mechanical stirrer, and an addition funnel.
HPA was then added under nitrogen at 120-130°C drop-wise to the reaction
flask. The temperature of the reaction was raised to 165°C after addition of
the amine. The reactions carried out to make polymeric dispersants from
hybrid succinic anhydride copolymer 1000 with HPA are shown in Table 7

along with analysis results of each of the products.
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trap,

a nechani cal

stirrer and a dripping addition funnel.

Et hyl ene di am ne

was then added drop-w se at 90-1 000C. The tenperature of the reaction was
rai sed tow0ebd@7afs8er addition of the am ne under a nit Pogas2evoeRpher e.
The reactions carried out to make Hybrid succinic anhydride copol yner 2300

wi th ethylene diam ne are shown in Ta
each of the

products.

Table 4

pol yPI BSA 23080%31Hber@t¢i§n>%rﬁén¥ﬁf
succi ni ¢ anhydride copol ymer from 1, 6- dilBAi nohexane and pol yPI BSA 2300

Pol yPI BSA 2300 ( SAP numnber

brid s

IC anh

HB’@Z'grﬁHC@@'(iBUﬁ

dri de

MBEFRA T8N

copol

made

)(Q)Q ORD®ri

4 aI ong with analysis results of

from
d

4 1. 9rmKO—|/q 47.9% actives in diluent oil),

as prepared ExamebearrpHebr,suwmc ugetnihgresdh@seHBAaMpl BN, Ppl4NPl|BSAsagaity added
to a 3000 ni, fourl-neckhydsdad bqtt emydlidesk eql) ppedKaHict| a Dear@BBek trap,
a mechani cgl stirrer apol¥netri ppi ng @4Qi ti gn funnel . 1, 6} di ani nolt€kane| was
t hen added |dr op- wi|sExampB850C(g)The t enperature of [the reaction was raisled to
1650C after| additijon o6 theg addre un@ss a ni RBdgen ét.0osph&bg. TOEIGanpl es
wer e taken i mpedi gt el y7aft dr3goddi ti og ®f tHeqgm ne 49”!q| every (howss568
af terwards [f08Tudy Thg progmpy of b reqcison. 4T epgHigdNS TRyy 1 ed out
to make Hybr (245U(, cimr g arnt y3Hd JE. (,UB(.B YTTET §§q0 W|5-,|4L)/-\ ka3 bHWI T
Table 5 al O'ﬁ‘g_z\gl tH o.llo.z‘-yal S 30:0)L| tS ld 5 eact 1l.g.39||vr; 5)4 3uu 2%1 |aL87r58

26 5 300 0.5 15.4 394 |2.21 1783

27 3 300 0.9 4158 | 123.3 [4.34 4740

28 4 300 0.9 343 | 104.0 [3.79 1227

29 5 300 0.9 2829| 974 |3.33 1319

30 6 300 0.9 415 | 127.0 |4.66 TV

31 7 300 0.9 343 | 101.0 |3.82 TV

32 8 300 0.9 27.7 80.9 |[3.32 1691

33 9 100 0.5 7.7 413 [2.63 Gel

34 10 100 0.5 6.4 359 [252 Gel

35 11 100 0.5 5.1 306 |2.63 Gel

TV = too viscous to measure

Examples 36-42
Preparation of polymeric dispersants from hybrid succinic anhydride
copolymer made from PP1000 and DETA, TETA, and TEPA

Hybrid succinic anhydride copolymer prepared in examples 9-11 was added

to a 1000mL four-neck round bottom flask equipped with a Deak Stark trap, a

mechanical stirrer, nitrogen flow and an addition funnel. To the hybrid

succinic anhydride copolymer a polyamine was added at 160-165°C drop-

wise to the reaction flask. The temperature of the reaction was kept at 165°C

after addition of the amine. The reactions carried out to make polymeric

dispersants from hybrid succinic anhydride copolymer made from PolyPIBSA

1000 and DADD are shown in Table 8 along with analysis results of each of

the products.
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Hybrid succini c anhydri de copol yner

made from pol yPI BSA 2300 and 1, 6-

di am nohexane (DAH) Exanples 18-20 Preparation of hybrid succinic anhydride
copol ymerWDr?DIWO]ZSOS&Z- di am nododecane and Pol yPlI BSA 230@CPalsgtbB&a7@300

( SAP nunber

exanple 2, was used for these exarrpl e

4 1.

9ngKCOH g,

f our-neck round bottom fl ask e

stirrer and ePQiYmSBPﬁdfp&ﬂ%ﬁrit
added drop-wi se at 1000FayFP

ed @

ui

47.9% actives in diluent oil),
Pol
big 8a Dean Stark trap,
£ Hem Y]Wél’ suqcinig ar@vgﬁsi%ee%mﬁénm "PREN

|Ea3AH?QCban¢ﬁET'AeﬁEEeT%thCbTEPAt he reaction was

as prepared in
yPI BSA was added to a 3000 m ,

rrechanl cal

rai sed to 1650C after addition of the am neunder a nitrogen atnosphere. The
reacti ons gdixeingld |oltyblidsugeikie Hpminedlesiduet| Amineanivyide i deTBN po| yibher| \ASO6Ityw t h
DADD are shHown i n |Tabbdwyéidel ong vanhydrideal ystyee resiod t $ mgKOEaCh of [t@¢&00°C,
products. Tabl e 6 [Hybsdpdlymercci ni ¢ &MRydri de coppl ynerl nmade ffom pol ¥Rl BSA
2300 and 1,| 12- di|abkawpededahe Exanpl es P 1-35| Preparation pf palyneric
di spersant § fi36m hybri@ sucé&0nic ardhydri deDEGPo| MrEs | anth.Beayy.30adl y2002ne
(HPA) Hybri|d ggcci|ni ¢ @anhydispde compbyner| TEFAPr e €d 3m4expnpiges 74 1
from Pol yPIBSAR OO0, vgis agdgd| 10 g FO0OTLTEPW | DesAK | T A4 bpsHEM TaAFK
equi pped W thsg Deam Sharkpap, agmEchant pgr St 7€ M9 am aqdi t3gys
Funnel . 40 10 |50 0.4 TETA| 0.84 | 96 |1.16| 1698

41 10 40 0.2 TEPA | 0.14 157 [1.22| 1183

42 6 38 0.1 TEPA | 0.62 9.7 0.95| 1235

Examples 43-57
Preparation of polymeric dispersants from hybrid succinic anhydride

copolymer made from PolyPIBSA 2300

Hybrid succinic anhydride copolymer, as prepared in examples 12-20 from
PolyPIBSA 2300, was added to a 1000mL four-neck round bottom flask
equipped with a Dean Stark trap, a mechanical stirrer, and an addition funnel.

HPA was then added under nitrogen at 120-130°C drop-wise to the reaction

flask. The temperature of the reaction was raised to 165°C after addition of

the amine. The reactions carried out to make polymeric dispersants from

hybrid succinic anhydride copolymer 2300 with HPA are shown in Table 9

along with analysis results of each of the products.
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HPA was then added under nitrogen at 120-1 300C drop-wi se to the reaction
flask. The tenperature of the reaction was raised to 165C after addition of
t he am newOThw/a7ems8t i ons carried out to nmake pol ynmeri c @CTASRERA06876 r om
hybrid succi nic anhydri de copol yner 1000 with HPA are shown in Table 7
along with analysis results of each of tqt;e products. Tabl e 7 Pol yneric

di spersants from hybrid succinjc anhyd-‘:"il & Scopol ynmer 1000 and HPA TV = too

vi scous to nmeRSYMENEGRPEEINEETOD OB SUsCinmanhygideycrRRANET 230 38Rt s from
hybrid succinic anhydride copol ymer maddPf\rom PP1000 and DETA, TETA, and
TEPA Hybrid succinic anhydride copolyner prepared in exanples 9-1 1 was
added to a |IB@dnk |f otlybnivskcimioundAbdetresidubl aBRAequiTBNed |wiehh | isBesitk | St ar k
trap, a neghani call ashydrigeeopolyiner pardwdride SMRapdgan mgtPt/oon f up@No0°Cro t he

hybri d sucdi ni ¢ anhjeimgde codg) yner a pol yapi ne mas added at | 16€5t16% C
dropwi se tq tlag reactiien fl@asRO [The tEHperatul & |of 3BIE readd | oresdas |kept at
165C after [adduyti gn of1g he jagpmel They peact| ans [canpiced [quee | 0 gmke
pol yneric dIspgrsants f7om g@@i d _suc(ﬁgni C n;nzf%rl g9g £0 qi_yﬁn,r grde|from
Pol yPI BSA 1666 and—DABR—are W |§-b1—e— Y hrrat stsyresults of
eac% of th p;ﬁ'\?ducts.ﬁlz‘“l e 0:;5@! 'r."erioﬂ' e sp:g“;&. gz.sn;f m?ly%d ﬁ:f'rci ni c
anhydri de cgpéll_y-am_mz frory Pol yvP| BSAI ’\q‘;..d Dt L 'éT% afPIrepA

48 14 300 0.5 7.7 199 [1.14| 598

49 15 300 0.9 208| 54.0 [2.34| 587

50 16 300 0.9 16.2| 499 |1.91 506

51 17 300 0.9 139 370 |1.74| 538

52 12 300 0.9 208| 520 |227| 579

53 13 300 0.9 172 445 |2.01 509

54 14 300 0.9 13.8| 39.0 [1.72| 549

55 18 100 0.5 7.7 206 [1.34| 726

56 20 100 0.5 5.1 214 | 1.15| 646

57 19 100 0.5 6.4 27.7 | 1.31 669

Examples 58-63
Preparation of polymeric dispersants from hybrid succinic anhydride
copolymer 2300 and N-phenyphenylenediamine NPPDA

Hybrid succinic anhydride copolymer, as prepared in examples 13-14, was
added to a 300mL four-neck round bottom flask equipped with a Dean Stark
trap, a mechanical stirrer, and an addition funnel. NPPDA was then added at
100°C under a nitrogen atmosphere. The temperature of the reaction was
raised to 165°C after addition of the amine. There is no peak in the IR to
indicate whether all the NPPDA has been reacted. HPLC was used to
determine the extent of consumption of the NPPDA. The reactions carried out
to make polymeric dispersants from hybrid succinic anhydride copolymer
2300 with NPPDA are shown in Table 10 along with analysis results of each
of the products.
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Exanpl es 43-57 Preparation of polyneric dispersants from hybrid succinic

anhydri de copol yner

made from Pol yPI BSA 2300 Hybrid succini ¢ anhydri de

copol ynerwoasiom7eqsar ed i n exanpl es 12-20 from Pol yPl BSAP230B2008a680a@ded t o
a 1000m. four-neck round bottom flask equi pped with a Dean Stark trap,
HPA was then added under

nitrogen at 120-1 300C drop-wi se to the reaction flask. The tenperature of

mechani cal

the reaction was raised to 165C after

stirrer

and an addition funnel.

T80 19

on of the am ne.

a

The reacti ons

carried out tBohEsiqRiEpersants Wpragubsigruscieanmydsideccanabymen 230aydr i de
copol ymer 2300 with HPA are shown in TBPPA9 al ong with analysis results of

each of the products. Table 9 Pol

neric dispersants from hybrid succinic

anhydri de gapamplgr 236 sandnitiPA Bxarptasiab8NEBDRr epdBslf | an%of | valcydwgr i C
di spersant § from hybohydids copoiymec| Antlysiittel GMR ¢ op@) y nemgiR30 |and | @100°C
N- phenypheny! enedi|aExamgNPPDAghybri d succi nic anhydri de cagpol ymer ¢Stas
prepared in examlles 1 14, was pdded) po a B0@ug flourzpeck ogpoind dgxt t om
fl ask equi gpedgwi Th a @ean SyapK| Trap, pa nechamygal S§ g T ery 7gnd 5y
addition f nn%io. NPPDA vars Hﬁb ddde'fst 100 g :7”(.]' r 2ni 'Lid)ggl a7 spher e.
The t enper gtute—of—thereactarwas—t & Set—to-TosCaffer—agggisron, af —t he
am ne. Therje i6j ne pea1.\ N HDU! 2 fobﬁr?’f)di cate3‘; Yot .eré'j'! t .6\7"!3!:%?—&«'5
been react ad. 8Pl ¢ wasdused! 1180 0.45 1.54 <0.2 |0.48 5

63 13 100 0.45 1.91 <0.2 [0.30| 346

The next two examples compare the one step process of the diamine and the
polyamine with polyPIBSA to form the succinimide with the two step process

of the present invention.

Examples A (Comparative)
The Reaction of polyPIBSA 1000 with ethylene diamine and HPA added

simultaneously in one step

PolyPIBSA 1000 (50.91g, 38 mmol) was charged to a 500ml round bottom
flask, equipped for mechanical stirring at room temperature under a nitrogen
atmosphere, and this was heated to 100 C. A mixture of ethylene diamine
(0.43g, 7.2mmol) and HPA (3.30g, 12 mmol) was then added dropwise using
an addition funnel at a temperature of 100°C. After addition was complete,
the reaction containing both amines was then heated to 166°C and held there
for 1 hour. The product became an insoluble mass presumably due to cross
linking. IR results showed there was no remaining anhydride in the product.
The water was collected using a Dean Stark trap. The viscosity of this

succinimide was too viscous to be measured at 100°C.

Example 64
PolyPIBSA 1000 (50.52g, 38 mmol) was charged to a 500ml round bottom

flask, equipped for mechanical stirring at room temperature under a nitrogen
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determ ne the extent of consunption of the NPPDA. The reactions carried out
to make pol yneric dispersants from hybrid succinic anhydride copol ynmer 2300
wi t h NPPDRoO2n®/hsen i n Table 10 al ong with anal ysi s re®alrtts2@b/oesch of the
products. Tabl e 10 Pol yneri c di spersants from hybrid succinic anhydride
copol ymer 23Q0 and NPPDA The next t e I conmpare the o step process
of "the i amFIEOSHACHNENHANGAAHECRICHO SRy Pt BRRVEEEATNGHO AL Ci ni m do

Wi th the twoy SieRolPhaSeRen Qadé@ﬁlrdﬁ\:@i’éé%irig‘é(r?ﬁaﬂi‘%n fEPRaTRIt @Stefhperature

(Conparative) The Reaction of polyPIBSA 1000 with ethylene di am ne and HPA

added si nul t&ri@40€! yrhenteomeraiue ress FemBEM 0001 §H5C. overd hagsmidien was

C oom t empar ARG aHer Zan MBI AOdRd b € W i BE IS A e {6 oo’
A m xture ofregtiivH @as Héatdd e 460niites 4t 26570 .) IR ASUHEANORecd@erelRagm®l ) Was

t hen added dropwi se using an addition funnel at a tenperature of 1000C.
After additiréMaiRing éohprede in theeoreduet | Uie p@stuat wes@nodit thahRef@s was t hen

heated to 1%&)&@8@%@%@@@&&1_1 hour. The product becane an insol uble

mass presumab to cros I'ng. IR results showed there was no
remai ni ng anhydride in the product. The water was coll ected using a Dean

Stark trap. THeseviwecRrarhpleafsholl thas tizciiBed8igemeasureaients 8edies to be
measured at 1000C. . .
succinimide made by reacting polyPIBSA 1000 with EDA and HPA
simultaneously (Example A (Comparative)) was higher than the viscosity of
the succinimide made by reacting polyPIBSA 1000 in a first step with EDA
using the same CMR of linking amine to anhydride and then reacting the
hybrid succinic anhydride copolymer with HPA in a second step with the same

CMR of HPA/residual anhydride (Example 64).

Additional comparisons of the one step versus two step process were carried
out and comparisons of the viscosities from the two different processes are
shown in Table 11.

Table 11
Process PolyPIBSA EDA/anhydride | HPA/residual | %N TBN, Viscosity
MW CMR anhydride mgKOH/g | @100C,
CMR cSt
One 1000 0.19 0.9 3.88 106 4521
step
Two 1000 0.19 0.9 3.89 104 1227
step
One 2300 0.25 0.9 1.71 42 588
step
Two 2300 0.25 0.9 1.72 39 548
step
One 2300 0.25 0.5 1.10 21 724
step
Two 2300 0.25 0.5 1.14 20 598
step
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Exanpl e 64 Pol yPI BSA 1000 (50.52g, 38 mml) was charged to a 500m round

bottom fl ask, equi pped for mechanical stirring at roomtenperature under a
ni t rogenawoospes@s and this was heated to 1040C. Et hyl eag/uscenyions®7¢ 0. 439,
7.2mmol ) was then added dropw se using an addition funnel at a tenperature

of 1040C. The tenperature rQse {_r.o 104QC t 6 OVﬁI’ 6 hours. Then HPA
(3.30Qy, 12 nmol) was added &M@Mﬁ@%c and the reaction
was heated for 45 mnutes at 165C. IR results showed there was no renaining
anhydride in the product. The product was an oil that had a viscosity @

1000C = 3868lhsssuccimietdes fromekemseesdisg examplas waee tgstrbisi s0pt tiakeniegent s
of the succinimde r | ol yPI BSA 1000, wi t h, EDA and.. HP,

o mil tancoudiS e ERsmA A RS R AR RAR iR AP o A S e RS 1y o
the succi ni rdigiserggdeobiind eantroiNgsduyity d?elsd eUIlinY fof thetaddfitRih 8id h EDA
using the same CVR of |inking am ne to anhydride and then reacting the

hybri d succiS®ot SHfRgat€ de copol ymer with HPA in a second step with the sane
CVR of HPA/residual anhydride (Exanple 64). Additional conparisons of the
one step versus two step process were carried out and conparisons of the

vi scosi ti es [hitie20DZAtsoot tHitkerimmtestr 98.0§ ¢ sheatest shopie was pidderl ihfo aTabl e
11Soot Thi ckeni ng Bench Test Results The, succi n)' m des fromthe preceding

exanpl es vver?e'so_tr@e_%péak‘?rﬂ pptest ﬁa@p@ﬁ%als@ﬁcﬁwtfegf DeigevASRATPOBTB, whi ch
measur e the g ek REd RudriaBHY Fill O i was added 2.0g Vulcan XC-72° carbon

black. The mixture was stirred and then stored for 16 hours in a dessicator.
A second sample without the soot was mixed for 60 seconds using a Willems
Polytron Homogenizer-Model PF 45/6 and then degassed in a vacuum oven
for 30 minutes at 50-55°C. The viscosity of the two samples was then
measured at 100°C using a capillary viscometer. The percent viscosity
increase was calculated by comparing the viscosity of the samples with and
without carbon black. The lower percent viscosity increase the better the
dispersancy of the dispersant.

In the 2007B soot thickening test 45.0g of the test sample was placed into a
150mL plastic beaker. The test sample contained 3wt% of the test dispersant
in a fully formulated lubricating oil. To this was added 5.0 grams of Raven
1040 carbon black powder. The mixture was stirred until all the carbon black
is wetted. Then the mixture was homogenized using the Ultra Turrax T25
Tissumizer at the highest speed. The sooted sample was degassed in a
vacuum oven for 15 minutes. After 15 minutes under vacuum, the pressure
was equalized in the oven and the sample was removed. The viscosity was
measured at 100C. The percent viscosity increase was calculated by
comparing the viscosity of the samples with and without soot. The 2007B test
results show that better dispersant performance is obtained with a higher

percent viscosity increase.
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di sperse soot and control viscosity increase resulting fromthe addition of
a soot surrogate. In the 2007A soot thickening test, 98.0Og of the test
sanpl e wasopheoas8nt o a 2501 beaker. The test sanpl e eomtus2o0ea68HM % of
the test dispersant in a fully forrrul ated lubricating oil. To this was

dded 2. | bl ack.  Th tirred and th
tored for 1B LSk bbadledRior ek donErSalp oo naated AP a0 v

m xed for 6Qhéj%66f‘ﬂ'ﬁclééﬁ'|ri§9bé‘ncwiés@F&ﬁ@'&ﬁﬁ@ﬂaé‘@ﬁ&ﬁﬁh&ﬁ@%%er@%tﬁ/6 and
t hen degassed in a vacuum oven for 30 m nutes at 50-55 0OC. "The viscosity of
the two sanples was then nmeasured at 1000C usi ng a capl | lary visconeter.

The percent SEOS Lner ase s, cal at ed b r|n t he.viscosity of
(he Sampl es WS FOGRCHPRRBIE EarBaeRM B iof sSheNfufBrha B it |

i ncrease t h&rdrﬁtrg@hdtshecudicﬁmf@m@mpblm map@rﬁdsannA ap‘eﬂsrﬁd\m Rﬂﬁié’@esoot

t hi ckeni ng test Qg of the test sanple was placed into a 1501 plastic
beaker. The t%st sanple contained 3wt % of the test dispersant in a fully
formul ated lubricating oil. To this was added 5.0 granms of Raven 1040

carbon bl ack powder. The mi xture was stirred until all the carbon black is
wetted. Then the m xture was honogeni Zadleus2ng the U tra Turrax T25

Ti ssuni zer agobtwidReaMgSberfipees: reBoRs SOOI RGIMANYsaNAES ORYRFSEeE sicigicvacuum

oven for 15 minutes. After gﬁhy@rm&%d@qgﬂ(\j@@gHmeMe pressure was
equalized in the oven and the sanple was renoved. The viscosity was

measured at 100C. The perC-'lEs(amp:ré,Ubl ?607Au TASEHHFS cal cul ated by
% viscosity | % viscosity
increase Increase
baseline 280 40
21 97 126
22 103 90
23 116 117
24 198 148
25 202 90
26 128 51
27 42 461
28 24 359
29 33 79
30 27 TV
31 103 1543
32 28 146
33 254 494

TV = too viscous to measure

In general, most of the polysuccinimdes synthesized from hybrid succinic
anhydride copolymer 1000 and HPA resulted in lower % viscosity increase in
the 2007A test and higher % viscosity increase in the 2007B test than the
baseline with no dispersant.

The soot thickening bench test results for succinimides that were synthesized

from hybrid succinic anhydride copolymer 2300 and HPA are shown in Table
13.
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conparing the viscosity of the sanples with and wi thout soot. The 2007B
test results show that better dispersant perfornmance is obtained with a

hi gher pewoento/ors@sosi ty i ncrease. The results of the bemrch/use@wscsoor these
di spersants were conpared agai nst the soot thickening bench test results of
t he baseline w thout any di spersant. ghg Sﬂ:?t t hi ckeni ng bench test results
for succininmides that were synthesized? % hybri d, succi ni ¢ anhydri de

copol ymer 10&905%(3%”%119@%%% resulisaiipre hyprid speginie anhyhise GRRAAWRBRAT ng
bench test results for succini ABQ@anNeAtRABHEENIYBESd succi nic anhydri de
copol ynmer 1000 and HPA TV = too viscous to neasure In general, nost of the

pol ysucci ni ndes synt hesi zed Hxaomplaybr 280BAcci ni 20@fBydri de copol yner 1000
and HPA resulted in | ower % viscosi|ty vigvosips & viscbsiey RP007A test and hi gher
% viscosity increase in the 2007B tlestcrebgd 1 hedpased i he with no
di spersant. The soot thi ckeTi3ag;RENCh HEFT T esul g for| succi ni m des that
were synthesized from hybrid—specrmic afdoyu'l de <4L-;,pui yper 2300 and HPA are
shown in Table 13 . Tabl e 13—Sept—thieckehitnghenehtest{results from hybrid
succi ni ¢ anhydri de copol yner—2300 and 2@.‘ succini Mdes TV = too viscous to
measure In general, nost ofl_tH pollysudefni mjes Inthesized from hybrid
succi ni ¢ 46 221 51

47 263 46

48 257 42

49 83 361

50 106 47

51 164 1510

52 97 45

53 103 43

54 198 46

55 156 43

56 189 40

57 152 42

TV = too viscous to measure

In general, most of the polysuccinimdes synthesized from hybrid succinic
anhydride copolymer 2300 and HPA resulted in lower % viscosity increase in
the 2007A test and higher % viscosity increase in the 2007B test than the
baseline with no dispersant.

The soot thickening bench test results of succinimides synthesized from
hybridPIBSA 2300 made from EDA and NPPDA are given in Table 14.

Table 14
Soot thickening bench test results from hybridPIBSA 2300 and NPPDA
succinimides

Example 2007A 2007B
% viscosity | % viscosity
increase Increase

baseline 280 40

58 267 40

59 241 40

62 273 42

63 276 42
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anhydri de copol ynmer 2300 and HPA resulted in | ower % viscosity increase in
the 2007A test and higher % viscosity increase in the 2007B test than the
basel i ne wbtznimos@8sper sant. The soot thickeni ng bench PeSUSE@®068030 Of
succi ni m des synt hesi zed from hybhdPl BSA 2300 made from EDA and NPPDA are
given in Table 14. Table 14 Soot thickening bench test results from
hybhdPI BSA 2300 and NPPDA succi ni m desln general, nost of the

pol ysucci ni ndes synt hesi zed from hybrid succinic anhydri de copol yner 2300
and HPA resunigeneral, mesee! ip\palyssicinmoas syakesizedifrm 2oorid sussinicand hi gher
% viscosity | ' 7 : VAN ' :
di spersant. #ﬂ‘&aggégopﬁky%n@g %eotngﬁ%l t{eerséﬁge{i EHrant e )ﬁ’)gﬁg&g#éﬂhr#%%seesmnade
from hybri d tae@007Actesémydihigther €0 pistysieyr intHA3edn dhé2007B TEStAhaaitice TEPA are
shown in Table 15 . Table 15 Soot thickening bench test results for

succi ni m dePasglae WHRNKGEPESadkcci ni ¢ anhydri de copol yner 1000 and

pol yam nes DETA, TETA and TEPA The succi ni m des nmade from hybrid succinic

anhydride c (e ) i,Ql 10Nk } DETA and
TEPA at - am nof SRS na HCR kR D SRy R B e e, 0o )
i ncrease i n dueeind®8Aydriefet caputyrhegh@D0 dnd IDEDS TETANai@aEPA are steovwd®07B

test than the_baseline with no di spersant.
in Table 15.

Table 15
Soot thickening bench test results for succinimides made from hybrid succinic
anhydride copolymer 1000 and polyamines DETA, TETA and TEPA

Example 2007A 2007B
% viscosity | % viscosity
increase Increase

baseline 280 40

36 266 48

37 220 50

38 195 51

39 243 50

40 43 48

41 37 52

42 31 45

The succinimides made from hybrid succinic anhydride copolymer 1000,
containing DAH as the linking amine, and DETA and TEPA at amine/residual
anhydride CMR of 0.5 resulted in lower % viscosity increase in the 2007A test
and higher % viscosity increase in the 2007B test than the baseline with no
dispersant.

Sheer Stability Test Results

Example B (Comparative)
Preparation of a high molecular weight succinimide from a copolymer, a high

molecular weight linking amine and an amine in a one step process
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Sheer Stability Test Results Exanple B (Conparative) Preparation of a high
nol ecul ar wei ght succinimde froma copol yner, a high nol ecul ar wei ght

| i nki ng awOree10z01608&n anine in a one step processA succi RCEU$e00dios§per sant
derived from Terpol ynmer PI BSA Nphenyl enedi arri ne and a pol yet her am ne

known as Hunt sman Jeffl%m ne ? calb D900) The
di spersant s SHEGRIMYJE Cizp tqe('S'Hegf 6‘? Y With the two am nes

si mul { aneousienyidrectdifinbe®l a %ly'é%é‘rhaﬁ‘ﬁi% R S@H Aisthar JEridithd e

NPPDA/ XTJ- 501 charge nole ratio . The synthesis of the dispersant was
done as desc)ﬁTJaé@? S@csledﬂléDeQQO)Aﬂbeuohmersantmmadeéawtba re@ctionsf0060247386,

Exanple 3 The She ability |ndex was asure M 6278 test

metnod i oMY EA R Y o e i BTN s Rk O 20887 ) o ade
oil. The SUC‘(SHanéﬂrﬁ% FERiBef ML @ andite NPWAGF[TWHOH dhakyehBiralis? 1a@nTiaé ni ng
0.1 9 CVWR EDA/ anhydride as the |Iinking am ne éprepared i n Exanpl e 28) was

found to be SYN¥esistofithe difpersant wasiionerardesceibrimtde Raterbapiication s very
h t abl lit d f th d
shear st al q%@% I@p@ﬁl&@@&;b?&ﬁgf@xaﬁqg% ity index o e succini m de

prepared in arative whi ch indicates that this
product was not very shear stable. Shear stability test results show that
the EC post treat ed dispersant made from hybrid succinic anhyd ride

copol yner i s!foPREdhaiR0lldy Hifex wanmaassres @%‘89%@"%@ teft Eeiipd ‘é{hlﬁh
é fco[fﬁgr f‘tni/‘é‘n%%?so t\l}n étsw“’r‘?'EéquBPQG cyBRE iRbiNED iRk fy GRidePAE PRE variations
succmlmlde made from HPA reacted with polyPIBSA 1000 containing 0.19
CMR EDA/anhydride as the linking amine (prepared in Example 28) was
found to be 1.32. This indicates that the succinimide of Example 28 is very
shear stable. For comparison the shear stability index of the succinimide
prepared in Example B (Comparative ) was 42, which indicates that this

product was not very shear stable.

Shear stability test results show that the EC post treated dispersant made
from hybrid succinic anhydride copolymer is more shear stable than the

dispersant made in Example B (Comparative).
It is understood that although modifications and variations of the invention can

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

limitations should be imposed as are indicated in the appended claims.
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be made wi thout departing fromthe spirit and scope thereof, only such
limtations should be inposed as are indicated in the appended cl ai ns. WHAT
| S CLAI VMBROI2810/075088 hybri d succini ¢ anhydri de copol yner PREXISAE9068870
following fornmula: (1) wherein one of R and R2 is either |ower alkyl or
hydr ogen, a her | and R2 is polyal kyl, Wand X are

i ndependent R&"@éhfgbéglm fcl?.-:g'he group consisting of -OH, -OR wherein R
is lower alkyl, or taken together are - o forma succinic anhydride group,
n, m and k are 1 to 20, and Y is al kylene having fromabout 2 to 20 carbon
atoms. 2 . A.hybrA tyerud suecigicattydridecopolyolefmaving hedokeving formaulgr ocess
whi ch conprises reacting a copolyner of an (i) an unsaturated acidic
reagent; and (ii) a nono-olefin, with at |east one |inking hydrocar byl

di -primary am ne, therehy producing a hybrid succinic anhydride copol yner
having from about 10%t¢ @about 90% goreact e anhydride groups. 3 . The

hybri d succinic anhydri de | ol yrref ©fReCl ai m 2 whereih the unsaturated
acidic reagent is nmalei¢ an i de he |hybri d sugcci pi c anhydride
copolymer of Caim2 whereih the |m lefinl|is at |east pne normal al pha
olefin, 1-olefin, polyollefif, Jorom t uNes @hereof.5 .| The hybrid succinic

anhydri de copol ynmer of ¢l aim2 whefeinthe nool efi n| i s| pol ybutene. 6 .
The hybrid succinic anhydri de copol ymek of dl aiyp X wherej n the nonool efin

i s pol yi sobutene havinglat |east al%w vi hyl i dene
R

| _k Ry 2

- - m

(1)

wherein one of Ry and Ry is either lower alkyl or hydrogen, and the other of R4
and Ry is polyalkyl, W and X are independently selected from the group
consisting of —OH, -O-R’ wherein R’ is lower alkyl, or taken together are —O-
to form a succinic anhydride group, n, m, and k are 1 to 20, and Y is alkylene
having from about 2 to 20 carbon atoms.

2. A hybrid succinic anhydride copolymer prepared by the process which
comprises reacting a copolymer of an (i) an unsaturated acidic reagent; and
(ii) a mono-olefin, with at least one linking hydrocarbyl di-primary amine,
thereby producing a hybrid succinic anhydride copolymer having from about

10% to about 90% unreacted anhydride groups.

3. The hybrid succinic anhydride copolymer of Claim 2 wherein the
unsaturated acidic reagent is maleic anhydride.

4. The hybrid succinic anhydride copolymer of Claim 2 wherein the mono-
olefin is at least one normal alpha olefin, 1-olefin, polyolefin, or mixtures

thereof.
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isomer. 7 . The hybrid succinic anhydride copolyner of Claim2 wherein the
hybri d succi nic anhydri de copol yner contains from about 20%to about 80%
unr eact edwanhidr7s@e groups. 8 . The hybrid succini c anhydriuseoconpselzy mer of
Claim2 wherein the at | east one |inking hydrocarbyl di-primary amne is
selected fromthe group consisting of ethylene diamne; 1,6-di am nohexane;
and 1,12- di am nododecane. 9 . The hybrid succinic anhydri de copol yner

G aim2 wherin tg g CQQJ(EEMI@ ahﬂﬁ/dﬁ’dé)ﬁob miay &¥ %MWF@re@ﬁh@%dmﬁm ne
to anhydride is from about 0. 05: 0 about 45 1. . A succi ni mde

prepar ed by Qlefir iscedigbwiengri sing (A) reacting a copol yrrer of an (i) an
unsaturated acidic reagent; and (ii) a nono-olefin, with at |east one
l'i nki ng hydrocarbyl diprimary amne, thereby producing a hybrid succinic

anhydri de capol yrmefe hﬂydmmddmmaﬁhwmdé@&(pélwr@b@ﬂbleﬁﬁ% Whicegiatted nasHydr i de
groups; and subsequentl (B) reacting the hybrid succinic anhydride

copol ymer vaﬁ'ralss@,Qib'ﬁ@ WenadayBiglaast QW@Q}/) pF aduinMlyinyKdereicci ni mi de.
11. The sucgq %}de of Claim 10 wherein the at |east one linking diamne is
sel ected from the group consisting of ethylene diam ne; 1,6-di am nohexane;
and 1, 12-di am nododecane.12 . The succini m de conposition of C aim10
V\/nerel n the second am ne
7. The hybrid succinic anhydride copolymer of Claim 2 wherein the hybrid
succinic anhydride copolymer contains from about 20% to about 80%

unreacted anhydride groups.

8. The hybrid succinic anhydride copolymer of Claim 2 wherein the at
least one linking hydrocarbyl di-primary amine is selected from the group
consisting of ethylene diamine; 1,6-diaminohexane; and 1,12-

diaminododecane.

9. The hybrid succinic anhydride copolymer Claim 2 wherein the charge
mole ratio of the hydrocarbyl di-primary amine to anhydride is from about
0.05:1 to about 0.45:1.

10. A succinimide prepared by a process comprising
(A) reacting a copolymer of an (i) an unsaturated acidic reagent;
and (ii) a mono-olefin, with at least one linking hydrocarbyl di-
primary amine, thereby producing a hybrid succinic anhydride
copolymer having from about 10% to about 90% unreacted
anhydride groups; and subsequently
(B)  reacting the hybrid succinic anhydride copolymer with a second

amine compound, thereby producing the succinimide.

11.  The succinimide of Claim 10 wherein the at least one linking diamine is
selected from the group consisting of ethylene diamine; 1,6-diaminohexane;
and 1,12-diaminododecane.
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compound is at |east one of an aliphatic or aromatic nonoam ne or polyam ne
or mxtures thereof. 13 . The succinimde of Caim12 wherein the second
am ne cormpowunt)/d7s08a prinmary am ne. 14. The succi ni m de @CTASadomodgd7mher ei n
t he second am ne conpound is a polyamne. 15 . The succinimde of aim1l4
wherein the second am ne conpound is a heavy pol yam ne, having at |least 6.5
nitrogen atoms per nmole of polyamne. 16 . A lubricating oil conposition

conpri sing ajJaj orheaé@émrr@ae %m@bb.t.@h df @Raile 20 WHer¥inthe Sekyndathide M nor
anount of the succinimde prepared by the process which conprises reacting

(A reacti ngSO&inQQLp"td lyraéﬂeaa‘t oae qfian altphatic r @arematic mandiacnine o eatyansng (i)
a nono-ol efin t st one |inking hydrocarbyl di-phmary am ne,
t her eby proa‘lfé]‘mﬁ"ss succi ni ¢ anhydri de copol yner having from about

10% t o about 90% unr eact ed anhydri de groups; and subsequently (B) reacting
the hybrid succinic anhydride copolyner with a second am ne conpound,
t hereby prodifi ng Mhensuciinnide ﬁf@Eﬁlmﬂ?Z whergin th peeend aging ¢OFBQW&I&@ on of
Claim 16 vvhgi at | east one linking diamne is selected fromthe
group consi st ng et hyI ene di am ne; 1,6- di am nohexane; and 1,
12- di am nododecane. 18 . The lubricating oil conposition of Caim 16
wherein the second am ne

14 The succinimide of Claim 12 wherein the second amine compound is a

polyamine.

15.  The succinimide of Claim 14 wherein the second amine compound is a

heavy polyamine, having at least 6.5 nitrogen atoms per mole of polyamine.

16.  Alubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor amount of the succinimide prepared
by the process which comprises reacting

(A) reacting a copolymer of an (i) an unsaturated acidic
reagent; and (ii) a mono-olefin, with at least one linking
hydrocarbyl di-primary amine, thereby producing a hybrid
succinic anhydride copolymer having from about 10% to about
90% unreacted anhydride groups; and subsequently

(B) reacting the hybrid succinic anhydride copolymer with a
second amine compound, thereby producing the succinimide.

17.  The lubricating oil composition of Claim 16 wherein the at least one
linking diamine is selected from the group consisting of ethylene diamine; 1,6-

diaminohexane; and 1,12-diaminododecane.
18.  The lubricating oil composition of Claim 16 wherein the second amine

compound is at least one of an aliphatic or aromatic monoamine or polyamine

or mixtures thereof.
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compound is at |east one of an aliphatic or aromatic nonoam ne or polyam ne
or m xtures thereof.19 . The lubricating oil conposition of Caim18

wher ei n twe 280m@8am ne conpound is a primry am ne. 2@CT/iseolvobsorcat i ng
oi |l conposition of Caim18 wherein the second am ne conpound is a

pol yam ne. 2 1. e lubricatin tion of Claim?20 wherei.n the
Becond am nelSonpllEisbneatiit el bomasfiamn c s tneieR B SEo8NE K ogen
atoms per mMingurRPkAPiimary dding® Method of making a lubricating oil

addi tive conposition conprises reacting (A) reacting a copolyner of an (i)

an unsaturated acidic reagent; and (ii) a nmono-olefin, with at |east one

annydr i de. bl yrdle FROFRIRE L EPBBaEb Iy E e ”@tﬁﬁﬁéﬁéb&@ﬁﬁﬁ%?de
groups; and comsasieeRtd yol(Bmideact i ng the hybrid succinic anhydride

copol ymer with a second am ne conpound, thereby producing the succinim de.
23. A nmethod of inproving soot dispersancy in an internal conbustion engi ne

ol o ees. ORRLRblRgId'6) ERREBSIth ! i dUBIHEH (A8 <BLhng arie L] o
conpri sing a rmjor amnoun ol 8 Mibrd ca VI SCOSi an ef ective
anmount of t heorhpduriccistd hgaoy |d>olgai¢hirtd,%ev¢@rmdea$tlmﬁ ndifogzdnaatnsmlsOper mole

of polyamine.

22. A method of making a lubricating oil additive composition comprises

reacting

(A) reacting a copolymer of an (i) an unsaturated acidic reagent;
and (ii) a mono-olefin, with at least one linking hydrocarbyl di-
primary amine, thereby producing a hybrid succinic anhydride
copolymer having from about 10% to about 90% unreacted
anhydride groups; and subsequently

(B)  reacting the hybrid succinic anhydride copolymer with a second
amine compound, thereby producing the succinimide.

23. A method of improving soot dispersancy in an internal combustion
engine which comprises operating the engine with the lubricating oil
composition comprising a major amount of oil of lubricating viscosity
and an effective amount of the lubricating oil additive composition of
claim 10.

24.  Alubricating oil concentrate comprising from about 20 to about 80

weight percent of an organic diluent and the additive composition of claim 1.

25.  Afuel composition comprising a hydrocarbon boiling in a gasoline or
diesel range and from about 30 to about 5000 parts per million of a
succinimide according to claim 1 or claim 10.
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24. A lubricating oil concentrate conprising fromabout 20 to about 80

wei ght percent of an organic diluent and the additive conposition of claim
1. 25. AWwoebioosgsssi ti on conprising a hydrocarbon boi | iPag/utsaoe/ogasol i ne or
di esel range and from about 30 to about 5000 parts per mllion of a
succinimde according to claim1 or claim10 .26. A fuel concentrate
conprising an inert stable ol eophilic organic solvent boiling in the range

of 150 F to #)0 &ﬁmcBhe@ht?é}@leon%rts%g‘SQnmrgettab&e&%@ah.neforgerﬁe%@w@hm de

according to claiml or claiml
boiling in the range of 150° F to 400°F and from about 5 to 50 weight percent

of a succinimide according to claim 1 or claim 10.
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