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A LUBRICATING OIL ADDITIVE COMPOSITION AND METHOD OF
MAKING THE SAME FIELD OF THE INVENTION 5 The present
invention is directed to an improved dispersant additive composition that
is used in engine oils; and it is also directed to the process of making the
same. 10 BACKGROUND OF THE INVENTION It is known to employ
nitrogen containthl ' eFREr St Griele et iu SR MBOSHTI@Mion of
lubricating oil composHiDNREM Y HRaMRING dispersaRydetergent
compounds are based on the reaction of an 15 alkenylsuccinic acid or
anhydride with an amine or polyamine to produce an alkenylsuccinimide
or an alkenyl succinamic agi@ a5 dgtenmmped\byselegted conditions of
reaction. One problem facing the lubricant manufacturer is dispersancy of
particulate matter in internal combustion engines. Failure to have

adenuate:pantiqulateionaiietidispet sarey impyorestltisp ltesmlugdings 20
sludge accumulation, and oil thickening. DESCRIPTION OF THE
R T PO R O SN o ens 5 5 Hlfoauahe srocess of

lubrieatimgto#d eemposition 25 that comprises a major amount of an oil of
lubricating viscosity; and a minor amount of a synergistic combination of

an antioxidant-dispersant additive and a dispersant additive, said

combination comprisingAEKaspsBisebubifene EsiddéeinhiiideNPIBSAD) and

(if) an ethylene-propylene succinimide (LEPSAD). 30 Nalesnik, U.S.

Patent No. 5,138,688, discloses an additive composition comprising an
oxidigekretiglenencpisalyitiogentenpdiymies disp €30 iDaatphadamigetafinn the
and aptangivoAeRcaLERiEd ete AR RIdN RTs been

reacted with a formaldehyde compound and with an amino-aromatic
pol{Emfissshiegieiarnt compounds are based on the reaction of an

aikenyisuccinic 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
dispersancy of particuiate matter in internal combustion engines. Failure to
nave adequate particulate matter dispersancy may result in filter plugging,
studge accumulation, and-oil thickening.

DESCRIPTION OF THE RELATED ART

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

succinimide (PIBSAD) and (i) an ethylene-propyiene succinimide (LEPSAD).

30 Nalesnik, U.S. Patent No. 5,138,688, discloses an additive composition

comprising an oxidized ethyiene copolymer or terpolymer of a Ca-Cqg

alpha-monooiefin and, optionally, & nan-caonjugated diene or triene which has
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Gunther et al., U.S Patent No. 6,512,055, discloses a copolymer obtained

by 5 free radical copolymerization of at least one monoethylenically
unsaturated C4-C6 dicarboxylic acid or anhydride thereof, an oligomer,

and one monoethylenically unsaturated compound. Gunther at al., U.S
Patent No. 6,284,716, discloses a lubricating oil 10 composition
copyyisiea@dubricaatioinaad ergopalymenobiained byrfree aratieahromatic
co ogmerization of at least one monoethylenically unsaturated C4-C6

diC%(P 63('9”&%%?81853% ydride thereof, an oligomer, and one
monoethylenically unsaturated compound, wherein the copolymer is
fuberfeacied Winas-aning 18 Hasieon ehal LS PASHLNG, cbiained by

iscloses a dispersant ‘terpolymer ‘and polysuccinmm

5 commpesiitins! depedorfeoiratim tof pd laast orEheocterpbilyimeicis | phmiedd digd
f ical nerizat] id] t -olefin,
o e e R e it

BamenakinyiShiraite inNEUEETD aBRpdistibses a lubricating oil additive

composition that is the reaction product of (i) a copolymerized olefin and
unsaturated carboxylic acylating agent monomer with a free radical

initfatsrtRsr si@ i -aShedaiihhitie Préparetbiroinderasyriidizatbtaayl
10 SuUbStited;BUcCin ASHAUNY 8IS BNH M BOVABISMNESBIRHS: by free

hydrocarbyl substituted Succinic acylating agent Is prepared by reacting a

polyatetinl SpECAMERVAatAG AgEnearden e omenesiteckaHytasriNsates CaCs

molg %0k ihscstarting BRiRIafR dssenveltedifgdher, and ane
hydrocarbyl-substituted succinic acylating agent. 30 Harrison et al., U.S

PatBIRNBTY 5 1Coh0 BRI Sase L BRBIRISHEING & B I AR RO ARCAS Turther
unsaigratedaeidie remaent, followed by reacting any -2 unreacted
15polyalkene with the unsaturated acidic reagent at elevated

20

25

30

Harrison et at., U.S. Patent No. 5,792,729, discloses a dispersant terpolymer
and polysuccinimide compositions derived from the terpolymers. The
terpolymer is obtained by free radical copolymerization of an unsaturated

acidic reagent, a 1-olefin, and a 1,1-disubstituted olefin in the presence of a
free radical initiator. ' '

Barr et al,, U.S. Patent No. 5,670,462, discloses a lubricating oif additive
composition that is the reaction product of (i) a copolymerized olefin and
unsaturated carboxylic acylating agent monomer with a free radical initiator
and {ii) a succinimide prepared from an acyclic hydrocarbyl substituted
succinic acylating agent and a polyamine wherein the hydrocarbyl substituted
succinic acylating agent is prepared by reacting a poiyolefin and an acylating
agent under conditions such that at least 756 mole % of the starting polyolefin

is converted to the hydrocarbyl-substituted succinic acylating agent.

Harrison et al., U.S. Patent No. 6,451,920, discioses copoiymerizing a

polyatkene and an unsaturated acidic reagent, followed by reacting any
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temperatures in the presence of a strong acid. Chung et al., U.S. Patent
Nos. 5,427,702 and 5,744,429, disclose a mixture of 5 derivatized
ethylene-alpha olefin copolymers, wherein functional groups are grafted
onto the copolymer. The functionalized copolymer is mixed with at least
one of an amine, alcohol, including polyol, amino alcohol etc. to form
MuliriReieaglonagrsHY ideiereyeraaditivasemrenents: AR Hasdson
et al., U.S. Patent No. 5,112,507, discloses novel copolymers of

unsRTREEH WETIL FBSPERTE AR NG THIIE RS weight olefins wherein at

least 20% of the total high molecular weight olefin comprises the

alkylvinylidene, ispmer.which copo e us ispersantsin .

b CEU S ar o 8 R oy o Ao Epare. ATHoRe B mixture of
Polyserdcitireidesh iibrand phizes phstetrpatechadditiesaisdiul dtidubrigating are
ois and fuels, SUMMARY, OF THE INVENTION I s raediest -, o i
embBbaimen : %Re presgn{yinvehtlon IS eI e an eI LBIShiE B
lubrieatihgra! edehtiveicemgpositmn peegingddoythenice ssoahidhetc. to form
compri in f the following copolymers: 25 (i) a

cop B R o e A SR S e
comprising: (a) at least one monoethylenically unsaturated C3-C28

1d“°n9c§@!Q8%>élca .?l%.gr 9@%{%&?9& ?é%é‘f?%é@é’é%%ﬁBQéﬂ%@ime% of

anhydride or ester thereof; at least one 1-olefin comprising a _
40 cambahraterhsaiiarkapieoiseapdlyaétimemaprsingigbboteding wBaei at

carhan atoms ang Haying A, IeHRIRA FOPRIYSTZARIe oamunées%fmm of

a vinyl, vinylidene or alkyl vinylidene group or mixtures thereof; and 5 (c)
at lealybiryisisnedRImomurarmiiBrers are useful as dispersants in

lubricating oils and fuels and also may be used to prepare poiysuccinimides

15 and other post-treated additives useful in lubricating oils and fuels.

SUMMARY OF THE INVENTION

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

20 lubricating oil additive composition prepared by the process which comprises

reacting
(A)  atleast one of the following copolymers:

25 {0 a copolymer obtained by free radical copolymerization of

components comprising:

(a)  atleast one monoethylenically unsaturated C2-Cog
monocarboxylic acid or ester thereof, or C4-Cog

30 dicarboxyiic acid, anhydride or ester thereof;

(by  atleast one 1-olefin comprising about 2 to 40 carbon
atoms or at least one polyolefin comprising about 4 to
-3 - '
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copolymerizable with the monomers of (a) and (b) and is selected from
the group consisting of: (1) an alkyl vinyl ether and an ally) alkyl ether
where 10 the alkyl group is hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing 1 to 40 carbon atoms; (2)
an alkyl amine and an N-alkylamide of a 15 monoethylenically

unsaturated mono- or CachixyhiaagitksaiRitaAihepsbiematemsapbEteerizable
the alkyl substituent contains. n1

0 40 carbon atoms; 20 ,(3) an .
N-vinylcarboxamide of%@%&yﬁ&eaagg 6%0 i %”é@‘éﬂ#gﬁgﬁ‘c‘ﬁ%?kﬁ%‘ é’hﬂy“deﬂe
N-vinyl substituted nitrggewmscomtaixiing shibtamuoyaicicompound; and 25 (5)
at least one 1-olefin comprising about 2 to 40 carbon atoms or at least
one polyolefin comprising about 4 to about 360 carbon atoms and having
5 a terminal copol{#herizableagtcupimtnest:forwooipouimyhviinglidene or

alkyl vinylidene group &gdgj
employed is not the same a

¢

tHees ApereptnRiQy i@\%%. _ rg‘szﬁﬁéhd (b) and is

the olefin employed in (i

copolymer obtained bys@geththftdih s geo@Rocasistiegmbound(i)(b) in
the presence of a free radical initiator; 5 (iii) a copolymer obtained by (a)
reacting compound (i)(a) with compound (i)(b) or (i)(c) in a non-free

radical catalyzed reacti

(3)

25

(6)

30

an alkyl vinyl ether and an allyl alkyl ether where
the alkyl group is hydroxyi, amino, dialkylamino or
alkoxy substituted or is unsubstituted, and

containing 1 to 40 carbon atoms;

an alkyl amine and an N-alkylamide of a
maonoethylenically unsaturated mono- or
dicarboxylic-acid of 3 to 10 carbon atoms where

the alkyl substituent contains 1 to 40 carbon

atoms;

an N-vinylcarboxamide of carboxylic acids of 1 to

8 carbon atoms;

an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

at least one 1-olefin comprising about 2 to
40 carbon atoms or at least one polyolefin
comprising about 4 to about 360 carbon atoms and
having a terminal copolymerizable group in the
form of a.vinyi, vinylidene or alkyl vinylidene group
or mixtures thereof, provided that the olefin
employed is not the same as the olefin employed
in (i)(b);

4.



in the presence of copolymer (i) or copolymer (ii) or both; or by (b)
contacting copolymer (i) or copolymer (ii) or both with the non-free radical
catalyzed reaction product of compound (i)(a) 10 and compound (i)(b) or
()(c); with (B) at least one ether compound selected from the group
consisting of an ether polyamine, a polyether polyamine, a polyether
amino alcohol, a polyether amino thiol, and a polyether polyol; and 15 (C)
at least on(@aromatlc arg/ne The present invention is also directed to a

lubricating 8l corfgEREMELAPAYIRY DTERRMSARRTAS &il(Ef and

lubricating viscosiyrapsLadifioy i2@hameustetdhe Mbdeatiagailiagdibre
composition prepared by the process which comprises reacting (A) at

least one of the following copolymers: 25 (i) a copolymer obtained by free
Fadical copd@lymeazatimiyohecabizimentsyc@m prisitigy (@jfﬁblﬁ.&&i (fe) with

monoethylenicall unsatur t monocar cid ore
thereof, or C4- C2 |carkfoﬂ<§|c a Hh@@? 830 glg Eﬁ? EFAD %Z(%sl gf,actson
Iea}st Ior]:_e 1- oleflnmcbhmnmagrmacuft@mmﬁrmrbpnr ahmmi%meatxi)easboﬂe ar by
polyolefin compri on atoms an

: f%t?e l& ﬁ% Ig? W QrEo meﬁ% elgeein W(ith the

terminal copolym group tav ny eneora

vinylidene groupimﬁmreélﬂ%r@iﬁlmdﬁﬁaﬁomasﬁm n"icmmbeiwmd {i)a)
1@ompound which is, copolymeriz h ) omers of (a) and (b)

and is selected from the Iggroup c@%ﬁstm@g{?’(@ﬁgn alkyl vinyl ether and

an allyl alkyl ether where

(B)  atieast one ether compound selected from the group consisting of an
ether polyamine, a polyether polyamine, a polyether amino alcohol, a
polyether amino thiol, and & polyether polyol; and

15

(C) atleast one aromatic amine.

The present invention is also directed to a lubricating oil compesition
comprising a major amount of an oil of lubricating viscosity and a minor
20 amount of the iubncanng oil additive compaosition prepared by the process

which comprises reacting
(Ay  atleast one of the following copolymers:

25 () a copolymer obtained by free radical copolymerization of

components comprising:

(a) atleast one monoethylenically unsaturated Ca-Cog
monocarboxylic acid or ester thereof, or C4~Cap

30 ' dicarboxylic acid, anhydride or ester thereof;

(b}  atleast one t-olefin comprising about 2 to 40 carbon
atoms or at least one polyolefin comprising about 4 to
-5.



10 the alkyl group is hydroxyl, amino, dialkylamino or alkoxy substituted

or is unsubstituted, and containing 1 to 40 carbon atoms; (2) an alkyl

amine and an N-alkylamide of a 15 monoethylenically unsaturated mono-

or dicarboxylic acid of 3 to 10 carbon atoms where the alkyl substituent
contains 1 to 40 carbon atoms; 20 (3) an N-vinylcarboxamide of

carboxylic acids of 1 &6® catimnaitonssaid)wviNgriniesninsieesglymerizable

nitrogen-containing heter%qt}éq%% arad; AN\ 2R ARALISR SN Ginylidene

1-olefin comprising alfout carbon atoms or at least one polyolefin
comprising about 4 togbopicB60idarBerisas and having a terminal
copolymerizable group in the 30 form of a vinyl, vinylidene or alky!l
vinylidene group or mixtures thereof, provided that the olefin employed is

not the same aéthe oféflaastpisyB@@rRQ( cCBTRPEROPEIFERE obtained
by reacting compound. (X&), aei-seraReHIB(RIJAChR Rreseararef efreed is

radical initiator; 5 (iii) a copolymer obtained by (a) reacting compound

(i)(a) with compound EHBYGE(REY NG HENLRERTEGHEE Sialyzed reaction
in the presence of copolymer (i) or copolymer (ii) or both; or by (b)
contacting copolymer (i) or copolymer (ii) or both with the no -\f ee radical
catalyzed reaction proEJI ct o%ﬁﬁﬁ@d’ﬁw (i§thr and an 2l Sl et whigre

the alkyl group is hydroxyl, amino, dialkylamino or
alkoxy substituted or is unsubstituted, and

containing 1 to 40 carbon atoms;

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

atoms;

(3)  an N-vinyicarboxamide of carboxyiic acids of1to

8 carbon atoms;

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

heterocyclic compound; and

(5)  atleast one 1-olefin comprising about 2 o
| 40 carbon atoms or at least one polyolefin
comprising about 4 to about 360-carbon atoms and
having a terminai cdpoiymerizab[e group in the
30 | form of a vinyl, vinylidene or alkyl vinylidene group
or mixiures thereof, provided that the olefin
employed is not the same as the olefin employed
in (i}b);
-8 -



10 and compound (i)(b) or (i)(c); with (B) at least one ether compound
selected from the group consisting of an ether polyamine, a polyether
polyamine, a polyether amino alcohol, a polyether amino thiol, and a
polyether polyol; and 15 (C) at least one aromatic amine. The present
invention is also directed to a method of making a lubricating oil additive
composition which comprises reacting 20 (A) at least one of the following
copolymers: (i) a copolymer obtained by free radical copolymerization of
componen{) comprisingy 2t Dbdaiess byrre astingetbrylpnivadlyi)(a) and
unsaturated C3- ' ' t 0 Ca- .
dicarboxylic amdgéﬁ?‘i{/%grﬁi%ﬁz(ﬁiﬁ%t %?gﬁ%sgg %)%%%g?%gi@%e?% :
comprising about 2 to 40 carbon atoms or at least one polyolefin

gomprising;apoutA4e, R SRHRRAATS ?;E'Frlgé&rﬂ% %6%%@??}3 (iXa) with

copolymerizable -7 group in the form of a vinyl, vinylidene or alky ‘
vinylidene group SRRt 1ifardofEndn @ aerelseding ismretrbfied reaction

compound WhiChiFF"'tﬁ&%P@é\é?ﬁ%i6@@&&%@9@@2%%@5@%P&%@tg; or by

and is selected from the group consisting of: ( nj/l ether an

an ally) alkyl ethefPWReRA tHRGIBAYVEUD iI§HRHreRAYEMRING) Gahiianiiothe
or 10 alkoxy subsiied-0rigismssatipietsandicaniaining drteofthearken)a)

atoms; . . .
10 and compound (i)b) or (i){c), with

{B) atleastone ether compound selected from the group consisting of an
ether polyamine, a polyether polyamine, a poiyether amino alcohol, a

polyether amino thiol, and a polyether polyol; and

15
(C)  atleast one aromatic amine.
The present invention is also directed to a method of making a lubricating oil
additive composition which comprises reacting
20 _
{A)  atleast one of the following copoiymers:
(i) a copolymer obtained by free radical copolymerization of
components comprising:
25
(@)  atleast one monoethylenically unsaturated Cs-Cog
monocarboxylic acid or ester thereof, or C4-Cog
dicarboxylic acid, anhydride or ester thereof;
30 {(b)  atleast one 1-olefin comprising about 2 to 40 carbon

atoms or at ieast one polyolefin comprising about 4 to

360 carbon atoms and having a terminat copolymerizable

-7 -
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(2) an alkyl amine and an N-alkylamide of a monoethylenically
unsaturated mono- or 15 dicarboxylic acid of 3 to 10 carbon atoms where
the alkyl substituent contains 1 to 40 carbon atoms; (3) an
N-vinylcarboxamide of carboxylic acids of 1 to 20 8 carbon atoms; (4) an
N-vinyl substituted nitrogen-containing heterocyclic compound; and 25 (5)

at least one 1-olefin CORRAISIROADRN? 17 A0 GARAN AIAMS OF S\Wﬁxndene

one polyolefin comprising about 4 to about 360 carbon atoms and having
a terminal copolymeriZABRPEUPH-ISS forreef aNéhyl, vinylidene or alkyl
vinylidene group 30 or mixtures thereof, provided that the olefin employed
is not the same as the olefin employed in-‘%)_(b); 8 (ii) a copolymer

obtained by readtihg cGinpBahATH (BPARG & BHBURRKINhHERdSpresence

of a free radical initiatogo (i) areapelyBetigPipn ety (SN ®Nd (b) and is
compound (i)(a) with 5 ccfm 0 ndé(ﬂizj ) or (i)(c) in a non-free radical
catalyzed reaction in th& %‘F@ﬁ@ EolYMEPTS ISR SElymer (i) or

both; or by (b) contacting copolymer (i) or copolymer (ii) or both with the
non-free radical cataly reaction product of compound (i)(a) and

compound (i)(b) or (i)( )s'? with%ﬁ%yg‘f'@&%ﬁ& %fﬂ&%%ﬁ%b%@%ﬁ%@%cwfe
from the group consisting of dheeitiet golyanineyeraolyethefieayaryrenia or
polyether amino alcohol, a alkoxy substituted or is unsubstituted, and

containing 1 to 40 carbon atoms;

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

the alkyl substituent contains 1 to 40 carbon

atoms;

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

8 carbon atoms:

{4)  an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

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

employed is not the same as the olefin employed

in (i)(b);



polyether amino thiol, and a polyether polyol; and 15 (C) at least one
aromatic amine. Accordingly, the present invention relates to
multi-functional lubricating oil additives which are useful as dispersants in
an internal combustion engine. 20 DETAILED DESCRIPTION OF THE
INVENTION While the invention is susceptible to various modifications

and alternative f@rg@&pﬁ@ﬁ%@@%@iW%%HH%F%@%Q‘@Q%@%M

described in'detail. It should be understéod, however, escription
herein of specificS2BRBREHENS b srinentrets fiipr meinadntisrn
the particular forms disclosed, but on the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the
spirit and s@ be & ﬁ?@%&ﬁﬁ&?tﬁ@%%@%m'%ﬁéﬂmgimg‘)QW’th

Definitions The fotlewingrienhoysed Nithiihe sessriptietag defingebaseaction
such: 5 The term."P|B" is an abbreviation for polyisobutene. The term

"PIBSA" is an abBIeURASAT! FoRiSSBREMPSUERMTORAMRIdE) aFteeth; or by
term "polyPIBSATis¢tarsttrtirdasshofycnpplymersopmplosediyvihiuthavil9 the
scope of the present inventiop which are copolymers of polyisobutene and.
a monoethylenicarflcflnﬂﬁggtﬂ%ﬁg P&%{@%gﬁﬁ%@@%&%@g{gﬁwr@%qndczi)(a)
thereof, or a C4-@28 dicapboxyli¢ éicid afifiyinideror ester thereof which

ave carboxyl groups, preferably succinic groups, and polyisobutyl
groups. The preferred polyPIBSA is a copolymer of polyisobutene and
malefig anhgtilédetiendreiiihe congenaratenialh 106 the-groBp Rdsisting of an
\r’]\’;‘derr(‘)aégr? SO RSN RoBanBP ;ﬁaﬂga%n%r,eas&lﬁ%%gefg Mino alcohol, 2

potyether amino thiol, and a polyether polyol; and

15 (C) atleast one aromatic amine.

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

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

20 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

25  embodiments is not intended to fimit 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.



20 methyl and polyisobutyl having at least about 30 carbon atoms
(preferably at least about 50 carbon atoms) wherein either R1 and R2 are
hydrogen and one of R3 and R4 is methyl and the other is polyisobutyl, or
R3 and R4 are hydrogen and one of R, and R2 is methyl and the other is
polyisobutyl. The polyPIBSA copolymer may be alternating, block, or
randefmiizinsl0 The term "succinic group” refers to a group having the
formula: OH Il I C_c_z H Il 5wherein W and Z are independently
selected from the group consisting of --OH, --ClI, --0-- lower alkyl or taken
togeihefaitavir tdeniernsedswitbinie: anbydsitengreugelimaitaensuch:
"--O--lower alkyl" is meant to include alkoxy of 1 to 6 carbon atoms. 10
The term "degree of polymerization" refers to the average number of
5rep@atrigratrUeitras wnitshbrihéopioly e rmehgisobiterierm "terpolymer”
refers to a polymer derived from the free radical copolymerization of at
least 3 monomers. 15 The term "1-olefin" refers to a monounsaturated
olefirehtr SRS Ad i bbhdeinaherdfpositigno Ty gasualsoibetayiddde.
alpha-olefins, and have the following structure: 20 CH2 = CHR where R
is the rest of the olefin molecule. The term "1,1-disubstituted olefin" refers
to aldisubgtitipetyBIBHA sistetalied &l 28 vinglideherslefiamplatysasutitein the

1Of0”%"¥g&%flfﬁéuﬁ?é5ent inventicn which are copolymers of polyiscbutene and a
monoethylenically unsaturated Cs-Cas monocarboxylic acid or ester thereof, or
a C4-Cyg dicarboxylic acid, anhydride or ester thereof which have carboxyl
groups, preferably succinic groups, and polyisobutyl groups. The preferred
polyPIBSA is a copolymer of polyisobutene and maleic anhydride having the

15 general formula;

[~ el
- |

wherein n is one or greater; Ry, Ry, {3 and R, are selected from hydrogen,
20  methyl and polyisobhutyl having at least about 30 carbon atoms (preferably at
teast about 50 carbon atoms) wherein either R4 and R, are hydrogen and one
of R; and R4 is methyl and the other is polyisobutyl, or R; and R4 are
hydrogen and one of Ry and Rz is methyi and the other is polyisobutyl. The
ponPlBSA copolymer may be alternating, block, or random.
25

-10 -



CH2 = CR'R2 11 where R1 and R2 are the same or different, and
constitute the rest of the olefin molecule. Preferably, either R' or R2 is a
methyl group, and the other is not. The term "succinimide" is understood
in the art to include many of the amide, 5 imide, etc, species which are
also formed by the reaction of a succinic anhydride with an amine. The
predomtgh PO BIENCreAS SHS IS RATILEHDAGS been
generally accepted as meaning the prodict 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 10 and are well known
in the art. Certain fundamental types ofgucc{ihimides and related
materials encompassed by the termof @rt-stiectiimide” are taught in
U.S. Patent Nos. 2,992,708; 3,018,291;13,024,237; 3,100,673; 3,219,666;
3,172,892; and 3,272,746, the disctosufesof whi€h are hereby
incorporated by reference. 15 The term "polysuccinimide” refers to the
reaction product of a succinic group-contairfing copolymer with an amine.
The term "alkenyl or alkylsuccinic acid derivative" refers to a structure

aving 20.the formula: O H |l R-C-C-l. H2C -C-M Il O, wherein L and M
e G Bt 58 T Dhot s SORULERY BreAouBorTg ng of
--0-- -0k -dlkyt-ar-taker tagethertake r-0¢g tdHermran-alkenyloem a succinic

a'”'%H%‘E)&‘J%S’H%HGF’%%”?&% “--O--lower alkyl” is meant to include alkoxy of 1to

€ carbon atoms.

10 The term “degree of polymerization” refers to the average number of

repeating structural units in the polymer chain.

The term "ierpo]ymer" refers to a polymer derived from the free radical
copolymerization of at least 3 monomers.

15
The term "1-olefin” refers {o a monounsaturated olefin that has the double
bond in the 1-pesition. They can also be called alpha-olefins, and have the
following structure:

20 CH, = CHR

where R is the rest of the olefin molecule.

The term ™1,1-disubstituted clefin” refers to a disubstituted olefin, also called a

25  vinylidene olefin, that has the following structure:

CH, = CR' R?

11 -
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-12 The term "alkylvinylidene" or "alkylvinylidene isomer" refers to high
molecular weight olefins and polyalkylene components having the
following vinylindene structure: CHZ 5 RA R, wherein R is alkyl or
substituted alkyl of sufficient chain length to give the resulting molecule
solubility in lubricating oils and fuels, thus R generally has at least about

3%%@RW$@£%QF@%% Qﬁ%tﬁ@%ﬂ@%r‘?@@ﬁ?ﬁtﬁtﬁ@ﬁéﬂa@f@f hdlefin

lower alkyl of about 1 to about 6 carbpn atoms. The term "soluble in
Iuﬁﬁﬁlﬁ%‘éeoﬁ'r RETE ﬁﬁ@%[ﬁn%ﬁa 5 aenaity grestivanthiRfisHane iseet
aromatic hydrocarbons such as lubricating oils or fuels in essentially all

ns. 15 The term high molecylar Welght olefins" refers to olefins
R SRRl RS PR (ARG R reL IR B
mdnre@rﬁaétwe;gma@dvnltmademb fortend Wubdmyemﬂubnﬂaémgcmid@
their re @%@p eRroducts T céij (fflns havi 5}30 carbo§ns or more. .
suftie& FETRETRMN “RIGH mole T WaGRY Yp% BIETETo Polyaikyn
graunastiois serficherst nwkegemmé)rgmm;mbdihm theqnmgubsmmnmtewf a
havin such suffl ient mole t.are soluble in | brlca
R R B RS B R R R wito
abeutisg. dakison! axoa%ﬂsyi%.cpmﬁma:lay atdedischizogt iﬁmcar@mm@rﬁ@smnﬂes

Th

o O N B PR S R IOEs, one
R4raﬁ@am8nmpen@@nﬂy_sh§&dn“@@w @rm m?caﬁ a_v@gzlrgmdp‘.' 30sThaght in
terp kYl MaIRIS10RAb sHaIg-andraneRad-chaim akyb 8504ps g s66;

3,172,892; and 3,272,746, the disclosures of which are hereby incorporated

by reference.

The term “polysuccinimide” refers 1o the reaction product of a succinic

group-~containing copolymer with an amine.

The term "alkenyt or alkylsuccinic acid derivative” refers o a structure having

the formula:

wherein L and M are independently selected from the group consisting of
-~0OH, --Cl, --O--, lower alkyl or taken together are --O-- to form an alkenyl or

alkyisuccinic anhydride group.

-12 -



-13 The term "lower alkyl" refers to alkyl groups having 1 to about 6

carbon atoms and includes primary, secondary and tertiary alkyl groups.
Typical lower alkyl groups include, for example, methyl, ethyl, n-propyl,
isopropyl, n-butyl, 5 sec-butyl, t-butyl, n-pentyl, n-hexyl and the like. The

term "polyalkyl" refers to an alkyl group that is generally derived from
pofméef&;}ﬁawm@,h\mﬁ@si@@wtifﬁ alkcapelmers ¥snanoreliise PRIHGWadY-ular
1-mono- oI suc a ﬂz ene pro ylene, butylene, and the like. 10
eI BB O UGy RT RS 5  dBea SIPSRB indene
at%nﬁn,ctamj 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. 15 The Lubricating OiI dditive Composition One

embodiment of the present inventi rRon -soluble lubricating oil

Sadditive composition prepared by the process which comprises reacting
20 (A) at least one of the following copolymers: (i) a copolymer obtalned

by f dical I

n e o ARgHGhicang L Atad o Ess T eeea e dia e
est%mhﬂer@mmem&s’&&s kimdarimdmplmaum anmmmmas etes ﬂﬁejem’:rémy has
(b) &, 'qea ta?onetl splefin com é';%'«fa‘g i g’% ‘%9@ cathon, 8 § Rar 8% I88%hs

one po

yoIetin comprising a Bor atome and havi ng

10terminbRgopbiyraedikyble abébut 1 to about 6 Carbon atoms.

15

20

25

30

The term “soluble in lubricating oif” refers to the ability of a material to dissolve
in aliphatic and aromatic hydrocarbons such as lubricating oils or fuels in

essentially all proportions.

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

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

The term “high molecular weight poiyalkyl” refers to polyalkyl groups of
sufficient molecular weight such that the products prepared having such
sufficient molecular weight are soluble in lubricating oil. Typically these high
molecular weight polyalkyl groups have at least about 30 carbon atoms,
preferably af least about 50 carbon atoms. These high molecular weight

polyalkyl groups may be derived from high molecular weight polyolefins.

The term "amino" refers to -NRyR, wherein Ry and R, are independently

hydrogen or a hydrocarbyl group.

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

-13 -



group in the form of a vinyl, vinylidene or alkyl vinylidene group or
mixtures thereof; and (c) at least one monoolefin compound which is 5
copolymerizable with the monomers of (a) and (b) and is selected from
the group consisting of: (1) an alkyl vinyl ether and an allyl alkyl ether
where the alkyl group is hydroxyl, amino, dialkylamino or 10 alkoxy
substituted or is unsubstituted and containing 1 to 40 carbon atoms; (2)

an | aming and a a monoethyleni ca unsatura
oGP CRATBAISNE ot oS A LR B Wacsoa diggron atoms
subammarmsmammmm wmrdhm aatdrtm@)/aﬂw gt@ﬁp@tb@&ﬁd&@lde@ér alkyl
carh XM of ‘1 to 2971 3 carbo (43 an N-vinyl subs |tut cliJ il
mtroqgen contalnlng eeterocogtic con‘Yp’oun 8?@ ) (t%%%t’oﬂe A

q- olaﬂﬂb@‘tyiphbmtgiabmﬂrﬁub ndiGecarlaon at@rmtemr at least one polyolefin
comprising about 4 to about 360 carbon atoms and having a terminal
copolymerizable group in the form of a vinyl, vinylidene or alkyl vinylidene

groud8desrmpalyadisyth eeders tecuiddiyirerote Glefirs genpiaiyddisrivetitirom
Sa%%melwt%ﬁrapéoaagae@&% % MAREL BRI SeRcutarty

reacting compound (i)(a) and compound In the presence of’'d free
radidalnpigataefins, such as ethylene, ;:n‘opyi«ﬂnp butylene, and the fike.

10 Preferably, the mono-oiefin 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, poiyolefins prepared from such mono-olefins include

polypropylene, polybutene, especially polyisobutene.

15
The Lubricating Oil Additive Composition
One embodiment of the present invention is an oil-sotuble lubricating oil
additive composition prepared by the process which comprises reacting
20
(A) atleast one of the following copolymers:
(i) a copolymer obtained by free radical copolymerization of
components comprising:
25
(a)  atleast one monoethylenically unsaturated C3-Cos
monocarboxylic acid or ester thereof, or C4-Cap
dicarboxylic acid, anhydride or ester thereof;
30 (b)  atleast one 1-olefin comprising about 2 1o 40 carbon

atoms or at least one polyolefin comprising about 4 to

360 carbon atoms and having a terminal copolymerizabie

-14 -



(iif) a copolymer obtained by (a) reacting compound (i)(a) with 5
compound (i)(b) or (i)(c) in a non-free radical catalyzed reaction in the
presence of copolymer (i) or copolymer (ii) or both; or by (b) contacting
copolymer (i) or copolymer (ii) or both with the non-free radical catalyzed
reaction product of compound (i)(a) and compound (i)(b) or (i)(c); with 10

(B) at least one ether compayfdliaelestedramiile HRYREARSFUNG,PIRYidene

ether polyamine, a polyether polyamine, a poiyether amino alcohol,’a
polyether amino thiol, arﬂﬂ%‘%é’l&@iﬁ@ﬁ”&wgf?@ﬁﬁ #54C) at least one
aromatic amine. Copolymer (i) (a) The Monoethylenically Unsaturated

- Monocarboxylic Acid or Ester 20 Thereof or Dicarboxylic Acid, Anhydride

or Ester Thereof IPthe L&A PR ARBROQIFER SOORROMRA BEIéhically

finsaturated C3-C28 mongeiheidisnasidias astendirieetsurC4reds (b) andis
dicarboxylic acid, anhydride Oﬁrﬁ}f ter thereof is used to prepare the

copolymers of copolymer{if CPrefEPRb R S DERERERERS LT

monoethylenically unsaturated C3-C28 monocarboxylic acid or ester

thereof, or C4-C28 dicar'P xylic aciﬂk nh o\‘ridt%é)r ester thereof is a

dicarboxylic acid, anhyd iﬁ)e or 3@ ﬁé’l’é% E1ETHE gaéhgfjg? %?Pﬂlﬁﬁﬁ“af where

the preferred dicarboxylic acid,taalaikyideron g sterydnexebfas s fallalgiznins or
C-CH=CH -- C X X. 5whergin X and X' are the.same or different,

grovided that at least one of X %%‘?IX%'% aSthngepd Ratis'e %%%ﬂéugf& and

reacting to esterify alcohols, fornrdaiideg 1 to 40 carbon atoms;

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

atoms;

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

(4)  an N-vinyi substituted nitrogen-containing

heterocyclic compound; and

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

in (i)(b);
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or amine salts with ammonia or amines, form metal salts with reactive
metals or basically reacting metal compounds and otherwise function as
acylating 10 agents. Typically, X and/or X' is --OH, --0-hydrocarbyl, OM+
where M+ represents one equivalent of a metal, ammonium or amine
cation, --NH2, --Cl, --Br, and taken together X and X' can be --0-- so as to
form 2n AV deobdsiaa ALY B ALs a0 (RO e
functlons n enter acylation reactions. Maleic a |s a
preferred reactagrn@misrdiiiizbie s asRnts mﬁﬁjﬂéee‘léét?@hlﬂ@ﬁ’éﬁnt
olefins such as monophenyl maleic anhydride; monomethyl, dimethyl,
monochioro, monobromo, monofluoro, dichloro and difluoro maleic

anhydridiN-pheRpReAIEHeIab wedthr (LERIRECATARIMIEEE) (@) with
sisomaleimides; fumasic aeid) (B?Eﬁ"%lﬁ@bdmaékﬁbﬁlﬁ%@%ﬂdﬂ%@@éﬁééﬂ%acﬁon

fumarates, dialkyl fumarates and maleates, 20 fumaronilic acids an

maleanic acids; g e N A ey C@Rﬁ’ﬂéﬁl@"rﬁ@nﬂﬂh@l@f@f’ by
(a) are monoethylgrisaibttingaisisatomaicayemadisoiaeids @5 anbydiides ahe

4 to 28 carbon atoms selected from ﬁhe group comﬁrlsmghglalelc acid,

fumaric acid, itabONidTEEI R Rl ARIRIKESHd C5 HRBAEH diGiERRiEd (@)
citraconic acid, maleiaipyeiide)acenig@nhyisde, citraconic anhydride

and methylenemalonic anhydride and mixtures of these with one another,
among which maleic anhydride is preferred. -17 Other suitable monomers
are(Blpnom@ni@a@aﬂmawmmh%%mmmtbegﬁmamidasisting of an
selected fro ﬁ%1 the rou com c acid, methlfacra{%hc aC|d

dimethacryicadid, gfﬁ)’f&(‘ﬁ/ gg@\e&gp V4R, Al of &g glconol. a

etid add
vinylacetigatidftamanminwhithl aanylie antystbtrgorida; acid are 5
preferred. Another group of suitable monomers is C1-C40 alkyl esters of
monoethylenecially unsaturated C3-C10 mono- or dicarboxylic acids such

15as &Nyl astytats, ingydracngiatesBiathyl acrylate, decyl acrylate, docedyl
acrylate, loctadecyl acrylate and the esters of industrial alcohol mixtures
of 14 to 28 carbon atoms, ethyl methacrylate, 2-ethylhexyl methacrylate,

declopolymer (i

10

(a)  The Monoethyienically Unsaturated Monocarboxylic Acid or Ester

20 Thereof or Dicarboxylic Acid, Anhydride or Ester Thereof

In the present invention, at least one monoethylenically unsaturated C3-Cas
monocarboxylic acid or ester thereof, or C4-Cos dicarboxylic acid, anhydride or
ester thereof is used to prepare the copolymers of copolymer (i). Preferably

25  the at least one monoethylenically unsaturated C3-Cos monocarboxylic acid or
ester thereof, or C4-Cyg dicarboxylic acid, anhydride or ester thereof is a

dicarboxviic acid, anhydride or ester thereof,

- 16 -



10 methacrylate, octadecyl methacrylate, monobutyl maleate, dibutyl
maleate, monodecyl maleate, didodecyl maleate, monooctadecyl
maleate, and dioctadecyl maleate. (b) The 1-Olefin or Polyolefin 15 In
the present invention at least one 1 -olefin comprising about 2 to 40
carbon atoms or at least one polyolefin comprising about 4 to 360 carbon
ato Vi ropinal | iy t j
PR TR E ke R
prefuifgf copaliat@w ) comprise about 2 to 40 carbon atoms, preferably
6 to 30 carbon atoms, such as decene, dodecene, octadecene and
mixtures of C20-C24 -1-olefins and C24-C28-1-olefins, more preferably
10 to 20 carbon atoms. Preferably 1-olefins, which are alsq%known 25 as
alpha olefins, with molecular weights in the range 100-4, or more are
preferred, with molecular weights in the range of 200-%)% being more
preferred. For example, alpha olefinstbtainet frem the thermal cracking
of paraffin wax. Generally, these olefins range from 5 to 20 carbon atoms
in length. Another source-of alpha olefins is the ethylene growth process
which 30 gives even nufMber carbon olefins. Another source of olefins is
by the dimerization of alpha olefins over an appropriate catalyst such as
the well known Ziegler catalyst. Internal olefins are easily obtained by the

isoréeration @mé%h@iﬁéhﬁ%m @rﬁhﬁam@h@rﬂy@eﬁjmbgtéﬁi@_%t. aee of X
Pfefs‘r@@iy’i&?g:é% foup €630 86 Hsgeh %L@&éhﬁsglé‘&%?%ﬁ%micj%

commercially réadily available, and because they offer a desirable
baldicasnatseliength sPtAaiecaraings, Era e s sditydhtrRactive metals

teer;r;{?gyégg{cgw%@&lﬁ@ VRSN IYBIHERS R LUABRIRRYARAGP as acylating
10 agents. Typically, X and/or X' is --OH, —-O-hydrocarbyl, OM+ where M+
represents one equivalent of a metal, ammonium or amine cation, ~-NHZ2, --Cl,
--Br, and taken together X and X' can be --0O-- s0 as to form an anhydride.
Preferably X and X' are such that both carboxylic functions can enter into
acylation reactions. Maleic anhydride is a preferred reactant. Other suitable
15 reactanis include electron-deficient olefins such as monophenyl maleic
anhydride; monomethyl, dimethyl, monochloro, monobromo, monotluoro,
dichlorc and difluoro maieic anhydride: N-phenyimaleimide and other
substituted maleimides, isomaleimides; fumaric acid, maleic acid, alkyl
: hydfogen maleates and fumarates, dialkyl fumarates and maleates,

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

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

25 methylenemalonic acid, citraconic acid, maleic anhydride, itaconic anhydride,
citraconic anhydride and methyienemaionic anhydride.and mixtures of these

with one another, among which maleic anhydride is preferred.

- 17 -



Suitable polyolefins for preparing copolymer (i) are polyolefins comprising
about 4 to about 360 carbon atoms. These polymers have an average
molecular weight (Mn) of from about 56 to about 5000 g/mol. Examples of
these are oligomers of ethylene, of butene, including isobutene, and of 10
branched isomers of pentene, hexene, octene and of decene, the

copaiymerizahle GHRIALAraYR Rlins-aigrmesReing rssaat ip e form

i
of a vinyl, vinylidene or alkylvinylidene group, oligopropenes and

oligBPFESERRO IR ARIESOTIRE SO T eBYHom BHEMRCAMPIS B ReiAr acid,

oligaispRutonescRS cﬁalﬁt@k'ﬁ@&lﬁicf%@@m})% FOEHIY dokfail ZAQ3liylacetic
604, corre?ponding 15 U,S. Patent No. 4,15 %9, are preferred. ijtur%s

of HESRRE BINRTREFRSSIE FRETLIARE I6rdicAhpiasHachde ged are

5 ethylensrand el alphaplefinsiihe matttaiesnelyolefigsmne desesibed
in U.S. Patﬁent No..6,030,930 which is herein incorp rat%%)gﬁ, refergznce.h
ThE RS DMAF RSB IV SP fIE B fets T i QefFATRR iy #oids such as

cormiaptiaﬁa,llﬂt?@rm&mhycg,el ) hrfmrﬁaemjm@cmamaﬁwsamla@ﬂmzedy! acrylate,
meri in.that i ted, with t t d -

o TR PRIk AT BB sTare ZbIALGING SIS TR e o8
moRé-oiefioneathrathstierenpliopytené hkdytanksisgbubtteneaad perdene.

These polymers can be homopolymers such a po(l)yis butylene as well a
1056 RS ARARL 1S B R S PR aiRRs TeRoRe Rt SR R

andnpragigepieriaitytendidane tyd maidehe, mion@itiard eoplalyatertsinmhade

thosg.i hich a minor amount of the copolymer monomers, e.g., 1 to 20
molg?%%}%\élgcgﬂé%%%hconjugated diolefin, e.g., a copolymer of

isobutylene and butadiene or a copolymer of ethylene, propylene and

1,4 xadiﬁqg,.lgéﬁeﬁg Jﬂg%g%ﬂfin polymer usually contains from about

4 to' 360 carbon atoms, alt preferably 8 to 200 carbon atoms; and
15more preferably 12 to 175 carbon atoms. -19

In the present invention at {east one 1-olefin comprising about 2 {0 40 carbon
atoms or at least one polyolefin comprising about 4 to 360 carbon atoms and
having a terminal copolymerizable group in the form of vinyi, vinylidene or
alkyl vinylidene group is employed.

20
Suitable 1-olefins for preparing copolymer (i} comprise about 2 to 40 carboen
atoms, preferably 6 to 30 carbon atoms, such as decene, dodecene,
octadecene and mixtures of Cu-Coy -1-0lefins and Cos-Cos-1-olefins, more
preferably 10 to 20 carbon atoms. Preferably 1-olefins, which are also known

25  as alpha olefins, with molecular weights in the range 100-4,500 or more are
preferred, with molecular weights in the range of 200-2,000 being more
preferred. For example, alpha olefins obtained from the thermal cracking of
paraffin wax. Generally, these olefins range from 5 to 20 carbon atoms in
length. Another source of alpha olefins is the ethylene growth process which

30 gives even number carbon olefins. Another source of olefins is by the
dimerization of alpha olefins over an appropriate catalyst such as the well
known Ziegler catalyst. Internal olefins are easily obtained by the
isomerization of alpha olefins over a suitable catalyst such as silica.

-18 -



Since the high molecular weight olefins used to prepare the copolymers of
the present invention are generally mixtures of individual molecules of
different molecular weights, individual copolymer molecules resulting will
generally 5 contain a mixture of high molecular weight polyalkyl groups of
varying molecular weight. Also, mixtures of copolymer molecules having

different -dagrees ofRohinerizationpdi e produced. RbecopRmRrS of

the present invention have an average degree of 10 polymerization of 1 or

greaRERRETEROIg oA BRER|e. 1oRs bR WY GHBrE srevsaktls rdamce of
abaHb ken irpbopkTRolduldta Yl 0ARLIREN GORIRO WG ES I BB IDFESEM nonpolar

invention ema&lp s at least one monoolefin compound which is
&

copSNfREH: AEWIRR 8RB IR SBARPHBNIBY SR is selected from the
sgroup consisting of: (1) an alkyl vinyl ether and an ally) alkyl ether where

the alkyl group is 20 hydroxyl, amino, dialkylamjno or alkoxy_substituted or
is uﬁé‘l}/ Qgiﬁd% O IGHBSIBR RIFRAG A S AR bR FROPSY SinSIKTBRTIR S

anchapiN-alkynideod adnairpatbyienTalyaipsaiveatela a0 a0krage

dicarboxylic acid.of 3 t0.10 carbon at here th yl 25 stituent

cor BT 65 5 e S bGP ARy AT B7 o IS ©f

acidsafd 4 & barhersatd pthy (@) @nolevityhspbstitdied isobutene, and of
1ofiuagen-containing heteracyclc compound.and 30,30 alleast gne

1-ol&fih compfrising Ab0Ut2 10 40 AT Bo N atoms of at [east ong’poﬁlolefin

conymisihgreiiaab teraboalt 60 parbibe aitmsiandemayving seteimina form of a

o R R R RS S RIS R ropene
not thidseiasechs tie2Olefiareonpioyed iar(i (o) pgdicular oligoisobutenes, as

obtainable, for example, according to DE-A 27 02 604, corresponding

15 U.S. Patent No. 4,152,499, are preferred. Mixiures of the stated oligomers are
also suitable, for example, mixtures of ethylene and other aipha olefins. Other
suifable polyolefins are described in U.S. Patent No. 6,030,930 which is
herein incorporated by reference. The motecular weights of the oligomers may
be determined in a conventional manner by gel permeation chromatography.

20
The copolymerizable polyolefin that is reacted with the unsaturated mono- or
di- carboxytic reactant are polymers comprising a major amount of C,-Cg
mono-olefin, e.q., ethylene, propyiene, butylene, isobutylene and pentene.
These polymers.can be homopolymesrs such as poiyisob.utytene as well as

25 copolymers of 2 or more such olefins such as copolymers of: ethylene and
propylene, butylene, and isobutylene, etc. Other copolymers include those in
which a minor amount of the copolymer monomers, e.g., 1 tc 20 mole % is a
C4-Cs nonconjugated diolefin, e.g., a copolymer of isobutylene and butadiene
or a copolymer of ethylene, propyiene and 1,4-hexadiene, etc.

30
The polyolefin polymer usually contains from about 4 to 360 carbon atoms,
although preferably 8 to 200 carbon atoms: and more preferably 12 to
175 carbon atoms.
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5 Suitable monomers include the following: vinyl and allyl alkyl ethers

where the alkyl radical is of 1 to 40 carbon atoms are also suitable, and

the alkyl radical may carry further substituents, such as hydroxyl, amino,
dialkyamino or alkoxy. Examples are methyl vinyl ether, ethyl vinyl ether,
propyl vinyl ether, 10 isobutyl vinyl ether, 2-ethylhexyl vinyl ether,

decylvinyl ether, dodecyl vinyl ether, octadecyl vinyl ether,
2-(diethylyamino)ethyl vinyl ether, 2-(di-n-butylamino)ethyl vinyl ether,
an@hhraadbﬂéfb@bmdﬁi@:alm wthehs oleﬁmﬁadttmep@m tieroopotyersrs of the

cor&%r %ﬁ‘ﬁ ﬂ/&ﬁ%l@llg}@ %ﬁ@gﬁ gf r%‘el.oof md%lé %?ecﬁl es of different

monoethylenical unsat rat 0 -mono- OI’ carboxylic acids,

sgdﬁ@%@h@feﬂ@ﬁﬁﬂn@i&mﬂi&r?ﬁl@wﬁ‘ﬁhmaiﬂm@&wﬁ@bn@a\wi generally
5 dibutylaminoefoyl e '\?Mﬂ@e@z‘}{é/ %\/P’ﬁ%ﬂg #arying

N-tert-butylacrylamide, octylacryla crylamlde

N- dﬁ@@@w@rewgwla‘hiﬁaeraam\ﬁ@@@‘a@é@wﬁ@ﬁﬁmmfehwnqsn‘ferent
Ang BEo4P) qm@}%ﬁ wmlgggﬁé%ggléowmg N-vinylcarboxamides

of carboxylic acids of 1 to 8 carbon atoms, such as N- V|nylformam|de
N-vinyl-N-methylformamide, N-vinylacetamide,

N-vimd-Nsmgidas el anides s BhyiRvERstkace tamider Ny inybNaas
ethylproplonamlde and N-vinylpropionamide. 30 -21 $4% nother group of

10moRghBRIFRiGASY ﬂw@rfaﬂ%@f‘/?rfgpl@f@im'&cfﬁ%b@ﬁ% 1 to about20, and

nitrageB-sRsFaBRgrhaieEpRyes suchmsuN adanylimidazole, 5
N-vinylmethylimidazole, N-vinylpyrrolidone and N-vinylcaprolactam. (5)

{c}  The Mono-oiefin Compound

15 The present invention employs at ieast one menoolefin compound which is
copalymerizable with the monomers of (a) and (b) and is selected from the

group consisting of:

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

and containing 1 o 40 carbon atoms;

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

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

(4)  an N-vinyl substituted nitrogen-containing heterocyclic compound; and
30

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

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

20 -



5

10

Suitable 1-olefins comprise about 2 to 40 carbon atoms, preferably 8 to 10
30 carbon atoms, such as decene, dodecene, octadecene and mixtures of
C20-C24 -1-olefins and C24-C28-1-olefins. Preferably 1-olefins, which are
also known as alpha olefins, with molecular weights in the range of
28-560 are preferred, with molecular weights in the range of 112-420

being Moy RERIRUEH Q) SRR AR AP IS APLARSA LG BSided that

thermal cracking of 15 paraffin wax may be employed. Generally, these
olefins raffe A 69! Qredrrt Hiemameissdie asdhersored ot (iHb);

alpha olefins is the ethylene growth process which gives even number
carbon olefins. Another source of olefins is by the dimerization of alpha
olefis over an appropriate catalyst such as the well known Ziegler
catalyst. Internal olefins are easily obtained by the 20 isomerization of

alpha,ole(ins over a suitable catalyst such as silica. Preferably, 1 -olefins
o BRI A GHE. IR IHLQN R il ars Al A U SRS iy e

availrbileadiog heeause Yeyatien adesy abledralanaebfethatengiiziaithadical
molecular tail, and the solubility of the terpolymer in ngnpolar, solvents.
ML B HIAE S re T T 8 BRSSP SRR o
CoptilymeEreantaat @renagthel piepartdfrathwelin airemethpgsviviyicither,
are. described jn the art including, but not, limited tq, thase methods which
v i i A A el
referidieceockdadeisovieybeiNdrS2-RditghyiNen b 69229 iGliether et at., U.S.

Pa 0,0 : ther et al., U.S. Patent Na. 6,512,055, -22
T BB HOERIA VIR OREE Bia 12 oA el

polyalkenyl succinic anhydride terpolymer. These terpolymers are
conq@)osed of at least one of monomers (a) to (c) as described herein. 5
Typically, the terpolymers of this invention contain at least one of

1Smonomers (a) to (c) three components comprising of a monocarboxylic

aCihRESRIEGroup of monomers comprises C1-Cyo alky! amines and Ci-Cag
-N- alkylamides of monoethylenically unsaturated Cs -C+g -mono- or
dicarboxylic acids, such as dimethylaminoethyl acrylate, diethyviaminoethyt

acrylate, dibutylaminoethyt methacrylate, acrylamide, methacrylamide,

20 N-tert-butylacrylamide, N-octylacrylamide, N,N' -dibutylacrylamide,

N-dodecylmethacrylamide and N-octadecyimethacrylamide.

(3)

25  Another group of monomers includes the following: N-vinylcarboxamides of

carboxylic acids of 1 to 8 carbon atoms, such as N-vinylformamide,
N-vinyl-N-methylformamide, N-vinylacetamide, N-vinyl-N-methyiacetramide,
N-vinyl-N-ethylacetamide, N-vinyl-N-methylpropionamide and

N-vinylpropionamide.

30
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thereof, or a dicarboxlylic acid or anhydride or ester thereof; a branched
olefin; and a monoolefin. In general, these components react to form
terpolymers which can be random terpolymers or alternating terpolymers
or 10 block terpolymers and can be prepared by known procedures for
making copolymers. The monocarboyxlic acid or ester thereof or
dic%?oxylic acid or anhydride or ester thereof is selected from those
whith were previously disclosed, preferably maleic anhydride. 15 The
degree of polymerization of the terpolymers can vary over a wide range.

In genaralr IERRIMPRISRIRIZE malas \é’?&%&ﬁﬁ‘% ﬁg@%ﬁ%@%@&% of

temperatures, and terpolymers of low molecular werg uced
at RifRIBMBRIERINES. PBaRetapdtyaieazddofryicudageted in the

Spreﬁeﬁﬁ%’fe%\%ﬂﬂﬁ@h%ﬁ%?N@Q%bﬁg%‘&rﬁ@éﬂﬁ‘mfﬁ SR tam.

polymerization'initiators are peroxide compounds, such as terybutyl
perpivalate, terybutyl perneocecanoate, tery-butylperethylhexanoate,
tertgitylperisobutyrate, di-tert-butyl peroxide, di-tert-amyl peroxide,
diacetyl peroxydicaronate and dicyclohexyldicaronate, 25 or azo
compounds, such as 2,2' -azobisisobutyrontrile. The intiators may be

used algiie orasiadistareivathiong anethercRedexaeonitintersratay altso
mbe %Lesegt. Preferablﬁ, he initiator is%}peroxide type initiator, e.g.,.
di(DUETIPRRAIRITE; § ‘Eihﬁﬁ é&ﬁ%ﬂ&e S RHOMARRGRNS §ind Mixtures of
isotpDil He-typindnifiatars,-Brocedisas doPpeenaiing Polyfinelefifich are also
copolymers are,.for mple, 30 descrjbed in U.S. Pat. Nos. 3,5{39 4
TR B8 8 T DB EHET ) SRt A 2 R
progesigresscouttl beesetbtoqpepasdn trpohmoers Both4rgenisglsere
des ritf a varety of initiators. 23 olymer. i%, herejn a secand olefin
s SRBEy i o e LA SR ey R LA RS 1REFRE] Gecring o
12copphmaién (ipwhiely despiibeebb&lene ra&igpthemen(@fibs range from 5 to
20 carbon atorns in length, Another source of alpha olefins is the ethylene
growth process which gives even number carbon olefins. Another source of
clefins is by the dimerization of alpha olefins over an appropriate catalyst such
as the well known Ziegler catalyst. Internal olefins are easily obtained by the
20 isomerization of alpha olefins over a suitable catalyst such as silica.
Preferably, 1-olefins from C14-Cag are used because these materials are
commercially readily available, and because they offer a desirable balance of
the length of the molecular tail, and the solubility of the terpolymer in nonpolar.
solvents. Mixtures of olefing are also suitable.
25

Preparation of Copolymer (i)

Copolymer reactant (i) may be prepared from well known methods which are
described in the art including, but not limited to, those methods which are

_30 disclosed in the following paténts, which are herein incorporated by reference:
Harrison et al., U.S. Patent No. 5,792,729; Ginther et al., U.8. Patent
No. 6,284,716; and Gunther et al., U.S. Patent No. 6,512,055,

-22 .



In another embodiment of the present invention, the copolymer reactant is
a copolymer obtained by reacting (a) at least one monoethylenically
unsaturated C3-C28 monocarboxylic acid or ester thereof, or a C4-C28
dicarboxylic acid, anhydride or ester thereof and (b) at least one 10
copolymerizable polymer composed of at least 3 olefin molecules of

propepecRbadRIRdnk- plRlAf il AR FAERORAM R PAYIRGRA L is a

number average molecular weight Mn of from about 112 to about 5000,

andPRARHE BMeTHIHAIC QBT YBR YRSt TheRe tefelsmetingie composed
vinytitiene a1 iyl oimytidenergreypdidhepersenee ohadkee radical

initiator. 15 Thus, preferred copolymers of the present invention are

prepared by reacting a "reactive" high molecular weight olefin in which a
ShighT ppageiyich®fermsatueation taklaast sout 20%irisindhet one of monomers
alkylvinyli configuration, e.g., CH2 20 R~ R wherejn R and R" is an
o e OSSR LR R S Ot cster
moldueiecstabifitgina fobrigditireg:nils mamahiydiisl dln s Re ginresally hassached
leas u irbon Jpreferably, at least about 25 50 carbo,

OB i & e B e Rt o o an

atoms an

IS a lower alkyl 0 0a ona

unskecpatechersidibirractant énrdnelpre denee \oharfree atdioatimitisqrolrhers or

?

ro%&&ﬁ@g@%{g@e&aarﬂtsgﬂ%@ggfzégwwﬁfﬁn%g%a%g%%' ;@%gggérﬁ%ng

as an ave egree of polym tion of 1 or greater.’-

prefedizel opesly e sriinet aneoyréicentithos reider Wavedieodinarabxylic acid or
formulay B%us didsrGiolGes selected from those which were previously

15

20

25

30

disclosed, preferably maleic anhydride.

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

high temperatures.

The terpolymerization is conducted in the presence of a suitabie free radical
initiator. Examples of suitable polymerization initiators are peroxide
compounds, such as terybutyl perpivalate, terybutyl perneocecanoate,
tery-butylperethylhexanoate, tertbutylperisobutyrate, di-tert-butyl peroxide,
di-tert-amyl peroxide, diacetyl peroxydicaronate and dicyclohexyidicaronate,
or azo compounds, such as 2,2' -azobisisobutyrontrile. The intiators may be
used alone or as a mixture with one another. Redox co-initiztors may also be
present. Preferably, the initiator is a peroxide type ihitiator, e.g., di{t-butyl)
peroxide, dicumyl peroxide or azo type initiator, e.g., isobutyinitrile type
initiators.- Procedures for preparing poly 1-olefin copolymers are, for exampile,
described in U.S. Pat. Nos. 3,560,455 and 4,240,816, hereby incorporated by
reference in their entirety. Those procedures could be used to prepare

- terpolymers. Both patents also describe a variety of initiators.

03



H H Ri R3 n 5 wherein W' and Z' are independently selected from the
group consisting of --OH, --0-- lower alkyl or taken together are --0-- to

. form a succinic anhydride group, n is one or greater; and R1, R2, R3 and
R4 are selected from hydrogen, lower alkyl of 1 to 6 carbon atoms, and
high molecular weight polyalkyl 10 wherein either R, and R2 are hydrogen
an is | ] is(hj
o o R s e S S e = o
lowRliEREA ISR TS ARSH AfofERREITIRS Ght MhdRdkyesgibed below.
Copolymer (H) may be alternating, block, or random. In a preferred
embodiment, when maleic anhydride is used as the reactant, the reaction
proB@seEdiimers predominately of the following formula: 000 2 14

5c-C R, R3 20 -25 wherein n is about 1 to about 100, preferably about 2 to

about 20, more preferably 2 to 10, and RI, R2, R3 and R4 are selected .
froM KGR IOREY P o BuRsoEEb Bl ARSreRpHRHERCaNt s &

T ODlAMAY o MIeLP (B S RS R GempsHiRaRy o0
one o an IS Iower a and the other IS ni maojecular Welg t
s HATA R bt e bR A M ey e A

anddiberbthetiisdaighambletidaroveight peivaikdn@efesaiusthmbigh
10m0|§g;l31<|3?§r\r/1veerii QEI‘%";%%')FXEPE%“ p%%ésit? tolfe gtsf[e%% lZitoleﬁn molecules of propene
or of a branched 1-ofefin of 4 to 10 carben atoms, having a number average
molecular weight M, of from about 112 to about 5000, and having a terminal
copolymerizabie group in the form of a vinyl, vinylidene or alkyl vinylidene

group in the presence of a free radical initiator.

15
Thus, preferred copolymers of the present invention are prepared by reacting
a "reactive" high molecular weight olefin in which a high proportion of
unsaturation, at least about 20% s in the alkylvinylidene configuration, e.g.,
20 R

wherein R and Ry is an alkyl or substituted alkyl of sufficient chain length to
give the resuiting molecule stability in lubricating oils and fuels, thus R
generally has at least about 30 carbor atoms, preferably at least about

25 50 carbon atoms and R, is a lower alkyl of about 1 to about 6 carbon atoms,
with an unsaturated acidic reactant in the presence of a free radical initiator.
The product copolymer has alternating polyaikylene and succinic groups and

‘has an average degree of polymerization of 1 or greater.
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10 30 carbon atoms (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
ethyfrespesiatydeeairaddeygn afikie Braennpiaciuse maetweAeneral
particularly preferred class of olefin polymers comprises the polybutenes,
whidRB¥%repared by polymerization of isobutene. These polybutenes
are readily available commercial materials well known to those skilled in
the art. 20 Disclosures thereof w'%be fouznd, for example, in U.S. Patent
Nos. 4,152,499 and 4,605,808, which arg herein incorpoyated by
reference for their disclosurgs of suitablé polybutenesg, Preferably,
1,1-disubstituted olefins are used to provide a high mdlecujar 25 weight,
oil soluble tail in the % -di ' olefin
has an average M. of from 500 to 5000+ One particulatly ugeful
1,1-disubstituted olefin is,a 1,1-disubstituted polyigobniyle e, such as
methylvinylidene polyisobutylene. 30 Preferably the copolymerizable

polymer comprises a high mnolecular weight polyalkyl grépip which is

derived from a high molecular weight olefin. The high molecular weight

Blefins used in the preparation of the copolymers of the present invention

are gfiaufifioptalong chainlengtihao fabisdeHing RS GRINPEINgRtAg of
soluble in and compatible with mineral oils, fuels and the liké; and the
alkyividflidere isuraeRbMIE MEAMieHs DR arRIgk-olEriPEB A slisefiganhydride
'easgea%{tr?%r% Hiegteiakelefin comRrositionna Ryshdugiumelesiatmydrogen,

weight olefins are1generally mixtures of molecules having different

moleBar WeYGRls! IR v 8area3NE E T aRele PP 6y PatGHY!
1alongrHhethaim ore{catiratdeasiane;braasl BREDERDIRD ROMIAaN Ky

the chain, and particularly preferred that there be about one
and the other is high molecular weight polyalkyl, or Rs and Ry are hydrogen

and one of Ry and R; is lower alkyl and the other is high molecular weight

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

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

the reaction produces copolymers predominately of the following formuta:
0 Q 0
hAAE)
T_C
R

20 ' . | n
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branch per 2 carbon atoms along the chain. These branched chain olefins
10 may conveniently comprise polyalkenes prepared by the
polymerization of olefins of from 3 to 6 carbon atoms, and preferably from
olefins of from 3 to 4 carbon atoms, and more preferably from propylene
or isobutylene. The addition-polymerizable olefins employed are normally

L-olgfinsefhg ransh: TayReef fom Jdad %%%@%ﬁ{?rg&amﬁ%g%%

of from | to 2 carbon atoms 15 and preferably e preferred

alkyRiR{g@eHe 4d6rEr BbMBrisds RnetpyR-cirethglomighider womeen, lower
morgRyetsrabbuthenetbyiviyidene isomanrd m?eéé%‘?%léjrgrﬁé%%l,
e

high molecular weight olefins used to prepare the copolymers™of t

pres¥REMTR DR R PO RoBlRdNEEwRR RS PRRISE Be FessRalolavemualkyl
of thermare tanstveRetbriryvideneisemer prsfesarly aideastR0%Abden

more preferably at least 70%. Suitable polyisobutenes include those™
prep%'?gooﬂgiﬁé BECaRRIOVPREYE pAGHNN Shet i el melrteRsypioht

25 whidyetkd. methylvinylidene isomer comprises a high percentage of the
total composition is described in U.S. Patent Nos. 4,152,499 and
4,605,808. Preparation of Copolymer (ii) 30 As noted above, copolymer

(i) oﬂbéemeaelmhmrv@mmt@cp{gpa@@mwd@@@@MQfﬁﬁ andan about
nsatyrated acidic reactant in the presence of a free radical initiator, The
e e S e BT T S Sormomardaed hioh

U.S.rraitentidNov&idtt 64 whirbus hareindia goippistad/ byraeferanesdied
its entik r ' be conducted at a temperature of abo
o B R L P SR it gbi s of abou
degreebio pblyuh GiLéti onois invefeselylpfoportibnat BetopdrattiEss00. Preferred

Accq{)%glé{lkgr %% g‘rﬁ‘fa i e r weight copol rs, it s
advantageou t% erﬁploy %?véje'?%ﬂ 2:%%‘%&%5&%%%%’? o%&mf%%ép ei’m#/%eaikyl
1PeaciopHizscoptigisencdiivhbout 138C, an average degree of
polymerization of about 1.3 was obtained.
A particularly preferred class of olefin polymers comprises the polybutenes,
which are prepared by polymerization of isobutene. These polybutenes are
readily available commercial materials well known to those skilled in the art.
20 Disclosures thereof will be found, for example, in U.S. Patent Nos. 4,152,499
and 4,605,808, which are herein incorporated by reference for their

disclosures of suitable polybutenes.

Preferably, 1,1-disubstituted olefins are used to provide a high molecular

25 weight, oil solubie tail in the terpolymer. Preferabiy 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.

30 Preferably the copolymerizable polymer comprises a high molecular weight
polyalkyl group which is derived from a high molecular weight olefin. 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 resuiting
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10 However, if the reaction was conducted at a temperature of about 40C,
an average degree of polymerization 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 15 ratio, and then stirred at the reaction temperature. Alternatively,

the reaction.may be conducted.in a dil . Far example, the, reac .
ey B EanAes oo AT i R AL RS e e
the m'attantslbyidimséiéaraaiwmﬂfiafdharéisblm@gwww@li@ﬁ atefioreprpprises
tetraliydrafuran, chiarofonm. MEhyIeRs chinrdexdichloroethane, toluene,

dioxane, chlorobenzene, xylenes, or the like. After the reaction is
complete, volatile components may be stripped off. When a diluent is

employadnibis RGPV NG Wk Isacateand produets dormad anss

is generally'used in an amount sufficient td ensure efficient mixing. 25 In

the PrRPBEUERGNHOIPIEEA WRigFbvadesand'are abtarPpy Germgh per
PIBSAgrReMRRARS AtBeveRl{Oop thr:r8BRHINIULHBREBIa®: per 4 carbon

copolymerization can be initiated by any free radical initiator. 30 Such_
initia®5PS"arel 0 RAGHAN 36 RATIGHIREVEr RrGsoicat shieRadiegrt one
initiagps Raayhbe nfhiepaeddidherrpaiiontemperaisse.emplyednal dhfins

) &referred free-radical initiators are th§i peroxide-type polymerization ,

itiafoRY SABMARN ST GBI MRN At il ERBR R BMil AU MG IERHRN of
usedsfefindiatertie teadienstibaegisath, mhbepgeAide fype dedradichbm 3 o

initiator can be organic or inorganic, th rganic haying the general
formBIS RS RS, APRIBIS R IR B ATE HEREI A D R e d e
fromabgigsaupotensistitgeasibiidogenisndaaycorganisiiyaditeiiBotiidbranch
and R' 3 can he organic radicals, preferably hydrocarb arog d acyl
oISy AT DA GED TR e T SO Pty i S1B6n atoms
1Brefenredbpefixicigsrntivde di-tert-butyl peroxide, dicumyl peroxide, and

The preferred alkyivinylidene isomer comprises a methyl- or ethylvinylidene

isomer, more preferably the methylvinylidene isomer.

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

25  which the methylvinylidene isomer comprises a high percentage of the total
compqsition is described in U.S. Patent Nos. 4,152,489 and 4,505,808,

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

radical initiator. The process of the preparation of copolymer (i) is described
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5

15

20

di-tert-amyl peroxide. Examples of other suitable peroxides, which in no
way are limiting, include benzoyl peroxide; lauroyl peroxide; other tertiary
butyl peroxides; 15 2,4-dichlorobenzoyl peroxide; tertiary butyl
hydroperoxide; cumene hydroperoxide; diacetyl peroxide; acetyl
hydroperoxide; diethylperoxycarbonate; tertiary butyl perbenzoate; and

the, likgiEhR a2&typtepRMROUNd s tEnifieghvalBhrRIRhAcorporated by
-azob|S|sobutyron|tr|Ie are 20 also well-known free-radical promoting

mEgETaReerts %&W%%’mpounds can be defined as those having present
in the molecule group --N=N wherein the balances are satlsfled by

nic radjcals, at least one of which is preferabl ert
T oHHaR HATE OB TR A TR LA i e Dot
IO thar@zémdmﬂomumdumot{ow@.b%ﬁmwmlﬂmn‘agmmene
TN SIS 1oy S e R BT d o e g e
PatesfeNed 2ighlnddidcidauecdileyc8 pbdbides, Fﬁaala?ivﬂx!’n@gem Fteeemploy
arrllgvldg!t, %‘ |n{t|at r}%p%r# % Iusve of rad H%q,,% 8Hr ecoqi1 T@?satto
ula

alarge ex ht-on the particular |n|{|a orrgﬁosen ecular
usedcarhd HhéCGeactioverapditiops: rhbpnitinterinatisn @ﬂ‘@@@l@d Bervssigiigined.

10 ghseastionuedium musualeansenrations, stinfiaies i besgeena,

oles of initiator per mole cidic reactant, with
premregeaiagms)b@mﬁrampéﬁacmoqSW@smwmatuon
temperature must be sufficiently high to break down the 5 initiator to
produce the desired free-radicals. For example, using benzoyl peroxide

as The iisiaation meydrctondesip naatetbahipelsdhibeh ghouetesalageight
abouiR0G RiefRiaby e anahouL 80 C: ARdiahaul 85CoRishetanthe proper

lower temperatures can be employed, a suitable broad range of
tenﬁ@@aﬁﬂ‘é%hﬁﬁ|ﬁ@¥%’t\ﬁé@?é§é%%@ﬁmﬁ@%iﬁ :200C, with preferred
temperatures

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, chioroform, methylene chloride, dichloroethane, toluene,
dioxane, chiorobenzene, 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.

25

In the preparation of polyPIBSA, improved res_ult_s 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.

30  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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10 between about 50C and about 150C. The reaction pressure should be
sufficient to maintain the solvent in the liquid phase. Pressures can
therefore vary between about atmospheric and 100 psig or higher, but the
preferred pressure is atmospheric. 15 The reaction time is usually
sufficient to result in the substantially complete conversion of the acidic
reagignirafiraighrarcladidar inigightotetntie papoiymdypEhmigactioatiime
is suitable between one.and 24 hours, with . p. d lon ti
oL A1 SerrryaD AL e Ao LA (8o oo
solutied ity petiacdythenizatibon ydattioredThe 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 hi%h

5 molewufrwdithtyplefirerid cicklitniésiomaet MBS g Pie SE I GHC, the

fre%ﬁ&l@h@%ﬂ%@;ﬁ@g@ﬁé%l%rmﬁaﬁ%ﬂd@@d% EXRMPIE, i€aR\PSryanic radical

conddcted in ch System where the high molecular weight olefin is

added & intishecedfivruib o BERIGICPEaEHENY AiliNtIPERD 3o eny sreseic
highmelechlar weidhtoleflinsan e addrd iatesmitent.psnpnijareusivda,

the reactor. Alternatively, the reactants may be combined in other orders;
for W Ex&MHRCACRICAABCEARYHI THiRIEthay BElHERMG RyFigs halogens,
1omolaeularneight salefiniesthe fractaldn-808iheEMRRBE Hildeny! peroxide, and
components in the reaction mixture can be added continuously to a
stirdid e WRFP&BIRinuous removal of a portion of the product to a
recovery train or to other reactors in -30 series. In yet another manner, the
reaction may be carried out in a batch process, wherein the hi f}{ :
molE¢AIEP B PRIETAULERIEE TEY (I AN oMt HEN g dasdie
reagiani Ane shexaitiatanare geldadiaraduet ycorery i phexébetion can
1 R O e e D MY faFokiaemRRRents are

hydroperoxide; diacetyl peroxide; acetyl hydroperoxide;

diethylperoxycarbonate; tertiary butyl perbenzoate; and the like.

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

20  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,

25  p-tolyldiazoaminobenzene; p-bromobenzenediazonium hydroxide;
azomethane and phenyldiazonium halides. A suitabie list of azo-type
compounds can be found in U.S. Patent No. 2,551,813, issued May 8, 1851 to
Paul Pinkney.

30 The amount of initiator to employ, exclusive 'of radiation, of course, depends
to a large extent on the particular initiator chosen, the high molecuiar olefin
used and the reaction conditions. The initiator must, of course, be soluble in
the reaction medium. The usual concentrations of initiator are between
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Copolymer (iii) In one embodiment, copolymer reactant (iii) is obtained by

a copolymer 10 obtained by (a) reacting compound (i)(a) with compound
()(b) or (i)(c) in a non-free radical catalyzed reaction in the presence of
copolymer (i) or copolymer (ii) or both; or by (b) contacting copolymer (i)

or copolymer (ii) or both with the non-free radical catalyzed reaction
proglaekof sAMEUNG-AIER) oI RAMRRIMIIR(B) ST dadrenaaiesiered
of Copolymer (iii) A process for the preparation of copolymer (iii) is
destmpERSIErMERRNI IR HaREsdr Yetlal., U.S. Patent No. 6,451,920,

which is herein incorporated by 20 reference in its entirety. In process

step (a) above,.any unreacted olefin, erally.the more hindered, olefins
o AT st oo s Dt A i o Brea o the
5mohaieihyl enicaliyu e satudatece € €2t nicalacidroxdinpeidorisgtesnzoyl
thereof, or 25 C4-C28 dicarpoxvlic acid.or an anhydride or ester ther o
R R s R Toe e Iar R N Ea G BRI A 75°C
unsatdratetiGBT2 d referabba thedienaainh ot 88ter shdrabfudrdSaaddgher and

dicarboxylic acid or an _anhydride or ester th

corBhe Tora i AR SRR T A R Y seppsraures

are siiniprabvitios e ke RT3 epating IR tmakiproceissrRiB8mperatures

Optiognally, this r [ es.pl iR.the presence of a strong acid, such
was gﬁ@r‘%%na%%@a%%ré gga%“g‘ﬁsg ElI;léttent No. 6,156,850. -31

Optionally, a solvent may be used to dissolve the reactants. The reaction

solve ?éﬂéﬁ%ﬁ]%ééﬁ% Q\Qﬁﬁob‘@éﬁ@%m@ﬁ%iﬁ{ﬁﬂQW@%é%m‘?nﬁiﬁ%‘liquid

molecular wel efin. It is necessary to dissolve the acidic reactant an

highPhestechrarsvsrshedlche soHs KRDIRGIHRSR RO W Btiees RopsRME
the SRPREOBAALIBEZANAR 1HRAURA IbRasDRER fopnskiialihe solvent

must also

15
The reaction time is usually sufficient to result in the substantially complete
conversion of the acidic reactant and high molecular weight olefin 1o
copolymer. The reaction time is suitable between one and 24 hours, with
preferred reaction times between 2 and 10 hours.

20

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

25  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

30 example, acidic reactant and initiator may he added to high molecuiar 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
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be one in which the resultant copolymers are soluble. Suitable solvents
include liquid saturated or aromatic hydrocarbons having from 6 to 20
carbon atoms; ketones having from 3 to 5 carbon atoms; and 10 liquid
saturated aliphatic dihalogenated hydrocarbons having from 1 to 5 carbon
atoms per molecule, preferably from 1 to 3 carbon atoms per molecule.
By "liguigs ismerntdmidcHades thisendiians Abpelymarication: i Batch
dihalogenated hydrocarbons, the halogens are preferably on adjacent

carbBIPsESheV B eiLiBg SiehdmrleriteT weiahl Bririnaddedirbrlyittite

15 mygskhs sated il ihearidisselvetthe asidiccaagtant ans ugled gradually over
molecular weifg ?Iefin in addition to the resultin E%golymers. The

ht
voluff8%afiddfea6iEhta8 AlgH MbRelidr SRRt OB AT bRy FaRiadiere the
3:1 apghlihidnandrdsapei¢rabtyn beiweenclfoihtgntodd tradcaiitable
solvents include the ketones having from 3 to 6 carbon atoms and the
saturated dichlorinated hydrocarbons having from 1 to 5, more preferably
1 to B gmlyameattins. Examples of suitable solvents include, but are not
limited to: 25 1. ketones, such as: acetone; methyl ethyl ketone;
diethylketone; and methyl isobutyl ketone; 2. aromatic hydrocarbons,
suchiasirzeaxenergidneppoly totuare cid30t3jisaturaied eifalogenatddmer

d el e t - s
e S R VR R o 0y m
1,2-dichidreettaties| t3alipehreadisane) 132 gresdiv@nfomppanes: (i) or
1o ormathy o 1.2.0c D
eyl Sl R Gl b R
1,5-digibrindiveianen-ting reientieidpanthrraaion product of compound (i)(a)
and compound (i)(b) or (i}{c).

15

Preparation of Copolymer (iii)

A process for the preparation of copolymer (iii} is described, for example, in
Harrison, et al., U.S. Patent No. 6,451,920, which is herein incorporated by

20  reference in its entirety.

ln process step (a) above, any unreacted olefin, generally the more hindered
olefins, i.e., the beta-vinylidene, that do not react readily with the
monoethyieniCally unsaturated C3-C,s monocarboxylic acid or ester thereof, or

25  C4-Cysdicarboxylic acid or an anhydride or ester thereof, under free radical
conditions, are reacted wi_th monoethylenically unsaturated Cs-Cog
monocarboxylic acid or ester thereof, or C4-Cys dicarboxylic acid or an
anhydride or ester thereof, under thermal conditions, i.e., at temperatures of
about 180°C to 280°C. These conditions are similar to those used for

30  preparing thermal procéss PIBSA. Optionally, this reaction takes place in the
presence of a strong acid, such as sulfonic acid. See for example U.S. Patent
No. 6,156,850.
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5 4. mixtures of the above, such as: benzenemethylethylketone. The
copolymer is conveniently separated from solvent and any unreacted
acidic reactant by conventional procedures such as phase separation,
solvent 10 distillation, precipitation and the like. If desired, dispersing
agents andlor co-solvents may be used during the reaction. The

pol¢iptibutainy hssuiesic rmnhydridec(PiB SAkoNRichamaxdesneirertly asdedn

to mer reactant (i) or (i), is generally prepared by a number of 15 .

We%???\r?ovx}nmp%%%ggg ingfﬁéing’?ﬁ%/e e%r?g&%gc%@é% %ﬁﬁ?ﬁ?%?d (()he ?ugh
exarm[bfé:,ume\nefgf‘aM@Ihkﬁdwn&besmlyﬂmqmm&qe&gﬂduE‘ad%aéentand
oA SO ST R e B

U.S. atent. No. 3,172,892), a combinatio ermal an
Sprogekskien pedenergations eration MNde8; 9L Fda)ndatady ticestangrdaitlist also

ProB S5 2AR9PY skl S0 PRIBHANGS 39,69 2N 6.156,850), and

free radical processes (see, e.g., U. 86,799 and
5,319,030). Such compositions include one-to-one monomeric adducts

(see BabidbSVEHMEM DS |idAd 2GHR0Y §r%‘?§n93t?c? ﬁ?ﬁﬁé’&%ﬁ@%ving

succinic ratio products, adducts having alkenyl-derived substituents

addiRTed (HthCae3E2R0 TS sGéefte jriips peraldenicadrvedtoms; and
10SUbR{liNeBE(GREE MiphhR: NRERYNGARHARNBAY AKHIGN G SHCFIRIC

anhydrides also can be produced thermally also from high

meth§RARGIEAB DASHUYREWS Ao | pakAtNenEtERUDer

30 Fhifepiossss fadurher fissHesgaidn e rRate MiRionL ot QA3HRhsion. In
cas&%g?ére the succinic ratio is less than 1.3 and in EP 0 355 895 for the

cast SHBRCHRNBIRGEIMETRER RS e the MRwens. aresiaialp siairrent

EP :f02n883asdehPH208¢383 raagt S. GlaientaNoTRb23 Al dissinsent
a -33‘11{%; cedure for washin ou} the polymaleic anhydride resin from
I

o polyHiiiERe Wi At SRRy R 5 dpe R s FeRRRN Ay NG RliReular

polyixitgriesiéin In addition to the resulting copolymers. The volume ratio of

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

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

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

Examples of suitable solvents include, but are not limited to:
25

1. ketones, such as: acetone; methylethylketone; diethyiketon'e; and
methylisobutylketone;

2. aromatic hydrocarbons, such as: benzene; xylene; and toluene;
30
3. saturated dihalogenated hydrocarbons, such as: dichloromethane:
dibromometha'ne; 1-bromo-2-chloroethane; 1,1-dibromoethane;
1,1-dichloroethane; 1,2-dichloroethane; 1 ,3-dibromopropane;
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polyalkylene succinic anhydride with a succinic ratio of 1.0 is disclosed.
One advantage of polyalkylene succinic anhydride from high
methylvinylidene 5 polybutene is that it can be prepared essentially free of
chlorine. U.S. Patent No. 4,234,435 teaches a preferred
polyalkene-derived substituent group with a M, in the range of 1500-3200.

For polybutgnemramegrasialy PrefauecthM. oranag s ohe400. This
patent als%z%fg es that the succinimides must have a succinic ratio of at

least 1.3, REFBCRBUR be A FEIRCPHRAREIc B ghlipRTpRRNS:

equivalenttsiginicod polyatie o patheriverl sibstitysot=grouP sMasomopentane;
preferably, th ceinic ratio should be from 1.5 to 2.5. Other suitable
alkenyl suéc‘fiﬁléh {3}3 cﬁ%%el?it&ﬂ‘ae%rthose described in U.S. Patent No.
$%,030,930. Typical alkenyl used in the preparation are 15 ethylene and

1-bytene copeolymers. (B) The Ether, Compounds In one embodiment of
the%’resen?%%%%ﬁocﬁ,t eea-(g)é)ﬁlgly?ﬁlgp i€%0 ﬁ@%‘?’é&&?&@%‘@%&e H'&ther
compound capable of linking two succinimide groups. Suitable ether

co | J it following: Polyether
Py s e e B R R e e
haviagjdie crtteniny somaniomrs! RIORSAUHES IsdeiHzs BiZasdsEpardtiad, solvent
-C zn o ke Syl e | 'QC I
o B e g o et
Gerferaif\erip ohzativer upel duine srsuiedtédor use in the present
invention will contain at least about one ether unit, preferably from about
5 to about 100, more preferably from 5 about 10 to 50, and even more
preféfsbRPiYERABBOY 1S 66 BIsort Bl Btiee(PIBSA), which may be directly added

{0 copolymer reactant (i) or (ii), is generally prepared by a number of

15 well-known processes including the method disclosed within. For example,
there is a well-known thermal process (see, e.g., U.S. Patent No. 3,361,673),
an equally well-known chlorination process (see, e.g., U.S. Patent.
No. 3,172,892), a combination of the thermal and chlorination processes
(see, e.g., U.S. Patent No. 3,912,764), catalytic strong acid processes

20 {see, e.g., U.S. Patent Nos. 3,819,660 and 6,156,850), and free radical
processes (see, e.g., U.S. Patent Nos. 5,286,799 and 5,319,030). Such
compositions include one-to-one monomeric adducts (see, e.g., U.S. Patent
Nos. 3,219,666 and 3,381,022), as well as high succinic ratio products,”
adducts having alkenyi-derived substituents adducted with at least

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

Polyalkylene succinic anhydrides also can be produced thermally aiso from
high methylvinylidene polybutene as disclosed in U.S. Patent No. 4,152,499,
30 This procéss is further discussed in U.S. Patent No. 5,241,003 for the case
where the succinic ratio is less than 1.3 and in EP 0 355 895 for the case
where the succinic ratio is greater than 1.3. European Applications
EP 0 602 863 and EP 0 587 381, and U.S. Patent No. 5,523,417 disclose a
-33.



units. The polyether polyamines can be based on polymers derived from
C2-C6 epoxides such as ethylene oxide, propylene oxide, and butylene
oxide. 10 Examples of polyether polyamines are sold under the
Jeffamine(r) brand and are commercially available from Hunstman
Corporation located in Houston, Texas. Other examples of suitable

polwﬂ&mmmﬂmﬂgmlym@/w@m@wgﬂﬂ dRRONBMIABM polyalkylene

m ounds havm the following structure: H2N-(H2C)3 0-(CH2)a'0
BIEAIDYS! Nﬁf"ﬁﬁ’fr%%%imﬁlg m&tﬂébﬂ%“ EREITIKRY R A

(| e@h@iyamk;eé@ﬁ mmmamﬁlyanc%&mmts)eﬁ’@&wmgrgmﬂe Dﬁlﬁmmeh d. One

Furthermore, the c er reactant ma ted w the

o S A S N o 0ty B oLt TRy Sticene

5amipdﬁbamrmgmaytbemmedamparem@mmhlelEgamtbgr@ﬁms@ir&e 30S. Patent

co Iete nve ted to,amines_duri actions, such

o b S e B RS N SRR D wi

-35 @Mpyle!he mr@hﬂéﬁé@ﬁﬂ%@)@ﬁhr@&rhM@rg}@L@Wﬁbﬂt%ﬂMﬁ@fmved M

an g OiQQth?.fﬂSbF?‘rmS;E’ oy rs%h?enéh 'ﬂwt Ett?\? gﬁgF Iggggrlust have

terminus, or an amine’internally in the mo ecu alcohor termini

Exam@l@gi_oiosmt@bﬂ:é @Hmhérénﬁheta&:dhm@mmm bempeantls Aavingnic

1dhe JRlianing SENGUISRNt WaidtI Rt o alaREd@iteh Qe drbhbHvost

preferably, the succinic ratio should be from 1.5 to 2.5.

Other suitable alkenyl succinic anhydrides includes those described in
U.S. Patent No. 6,030,830. Typical alkenyi used in the preparation are
15 ethylene and 1-butene copolymers.

{B) The Ether Compounds

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

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

Folyether Polyamines
25 Examples of suitable polyetheramines include compounds having the

following structure:

R, ' R, R,

Hay ' Hy Hp
HyN——C——C —f O G Gefon Qmmen G e G oo Ny
H H i
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n- 10 wherein R, is independently a hydrogen or hydrocarbyl group,
having 1 to 4 carbons, and n is the degree of polymerization. Generally,
the polyether amino alcohols, suitable for use in the present invention will
contain at least about one ether unit, preferably from about 5 to about
100, more preferably 15 from about 10 to about 50, and even more

prefeﬂad&lyiaﬁréimiabmiﬂphﬁcﬂer&bphytﬁﬁﬁherr@ﬁgd@ﬁm@bﬁ@mmemng 1to
suitgble oI et e ming_ alcohols |n Iud oI o tet meth amino

alcoqu'l é%mxp?(‘)%n snﬁsé\%ngd%%r?ql 'é) ruc Ure’ %—?fﬁ’y %Q%yither
(CHE2MyO(BERMHBLIEHT)YsO i ind p\nmmnwmmhe ddlyceatain at least about

polymerization, thlg?eefm C%I:)( thstABIMg Ehiol] éﬁﬁ%ﬁﬁ&%‘ﬁ?g&am from

polyetheramino compounds aving the followin structu
% ' HebPRtHD 1 Dh,1a9deMeC m%@r@f@a&m#rmwheréma%ougbout 25 ether

indepgpdently a hydrogen or hydrocarbyl group, having 1 to 4 carbons
and n is the degree of polymerization. 10 Other examples of suitable
polyetheramino thiols include polyoxytetramethyleneamino thiol having

the Tol@VURGSIHEEBBGamines can be based on polymers derived from C-Cq
epoxides such as ethylene oxide, propylene oxide, and butylene oxide.
10 Examples of polyether polyamines are sold under the Jeffamine® brand and

are commercially available from Hunstman Corporation focated in Houston,
Texas.

Other exampies of suitable polyetheramines include polyoxytetramethyiene

15 polyamine compounds having the following structure:

H?.N'"(Hzc):s“‘_‘o‘é(CHz)JO}'(CHz)d““O“_{CHz)a_NHz
n-1

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

Poiyether Amine Derivatives

Furthermore, the copolymer reactant may be reacted with a polyether amino
25  alcohol or amino thiol.

~ Polyether Amino Alcohol

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

reductive amination. Also, one may initiate a polymer chain (i.e. grow
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- H2N-(H2C)3-0 (CH2)a 0 (CH2)a O-(CH2)a SH n-1 15 wherein n is the
degree of polymerization. Generally, the polyetheramino thiols suitable for
use in the present invention will contain at least about one ether unit,
preferably from about 5 to about 100, 20 more preferably from about 10
to about 50, and even more preferably from about 15 to about 25 ether

upitﬁresgleﬁﬁaer Blymines ° dEIh&frﬁ)'mﬂﬁ' &g diroyet @ﬁ(;pth@hreem@cnameah

of the present inventio t ec m e re with et

dlamlnli?as CLRaBIE"N éi ar%}ltln%sp 8? & agﬁﬂ'ﬁ b iﬁﬂ'ﬂeqn %ﬂh%termmus
decytoxy promg-hiSukdmin dpeopaieule with alcohol termini.
isodecyloxypropyl-1,3-diaminopropane,
isododecyloxypropyl-l,3-diaminopropane, 10
Modesgmetesdecsidriir apyyet /B tiantinogmyene jnclude compounds having the
isotfﬁﬁ%@gm&é,3-diaminopropane,
tetradecyloxypropy-1,3-diaminopropane. Polyether Polyol 15 In yet

another embodiment of the present invention, the copolymer may be

reacted with a polyether g{gmtalnln at least two hydroxyl e'gd groups to

form an ester. The polyefher olyols hjloe the oIIowmg stllucture 20R1

R1 1 H2 H2 H2II—|,§2)‘;;JC2£E

OMCWC——DH
H

10
wherein Ry is independently a hydrogen or hydrocarbyt group, having 1 to
4 carbons, and n is the degree of polymerization. Generally, the polyether
amingc alcohols, suitabie for use in the present invention will contain at least
about one ether unit, preferably from about 5 to about 100, more preferabiy
15 from about 10 to about 50, and even more preferably from about 15 to about
25 ether units.

Other examples of suitable polyetheramino alcohols include
polyoxytetramethyleneamino alcohol compounds having the following
20 structure:

HzN"(Hzc)s_“'“O‘G(CHz)d:O}_(CH2)4_O””“““(CH2)4"”OH
n-1

wherein n is the degree of polymerization.
25
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HHH nwherein R, is independently a hydrogen or hydrocarbyl group,
having 1 to 4 carbons, and n is the degree of polymerization. 25 -38
Other examples of suitable polyether polyols include
polyoxytetramethylene polyol compounds, such as those referred to as
Terathane(r) which may be purchased from DuPont Corporation,
WilrRimgbaine rDetamaEhibaving the following structure: 5 HO-(H2C)4 0
(CH2)4-0 (CH2)4-OH n-1 wherein n is the degree of polymerization. 10
Suitable polyether polyols include, but are not limited to, the following:
polyoxyeibipienbayiyeble pulyedypramjteniiglpdat poly axyidyiene iglytal, the
andffmgwc?@/%%r%m%hylene glycol. The molecular weight of the presently
employed polyether polyol will generally 15 range from about 150 to
fabout 5000, preferably from about 500 to about 2000. Generally, the
polyether compounds sujtable for use ip the present invention will contain
at least one ether unit preferably from apjout 5'to about 100,'more 20
preferably from abouyt 10 o alleut 20, ahd eyen more firefefred from about
15 to about 25 ether units. Generally, tike polyethér composnds suitable
for use in the present invention may be derived from only one ether type
or a mixture of ether types, such as 25 n
poly(oxyethylene-co-oxypropylene) diamine. The mixture of ether units
may be block, random, or alternating copolymers. The presently employed
etherheomipbungarpeapablly ef ngdctigenwithhat teastitwiacanbokghitacidio

9roupELhons and n is the degree of polymerization.

10
Other examples of suitable polyetheramine thiois include
polyoxytetramethyleneamino thiol having the following structure:
HzN-(HzC)a—“O-é(CHz)A;O}'(CHz)rO—“(CHz)rSH
n-1
15

wherein nis the degree of polymerization.

Generally, the polyetheramino thiols suitable for use in the present invention
wili contain at ieast about one ether unit, preferably from about 5 to about 100,

20 more preferably from about 10 to about 50, and even more preferably from
about 15 to about 25 ether units.
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anhydride derivatives thereof. -39 Generally, the copolymer may be
reacted with a mixture of polyether polyamines, polyether amino alcohols,
polyether amino thiols, polyether polyols, or ether diamines to form a
mixture of imides, amides and esters. 5 (C) Amino Aromatic Reactant In
addition to the ether compound (i.e. polyether polyamine, polyether
polyanunecleemative, polyether polyol, ether dimaines and ether triamine)
above, the copolymer is also reacted with at least one amino aromatic 10
selected from the group consisting of (a) N-arylphenylenediamine, (b)
amifitear beaolactc) amino-indazolinone, (d) aminomercaptotriazole, (e)
aminoperimidine; and (f) aryloxyphenylene amine. Preferred amino
aromatic compounds are descriped as follows: 15 (a) an

IN- ahylphéavdﬁhedmnhnéimmésémecbmem fovemilan I%hﬂ?g@;ﬁdmrbdpmw‘ay be

RZ Ik l,.ora branch
chalfrélgradlcal awngf'i‘ éué%r onf?a me that can be eal\fﬁ}'% enyI
alkaapobrailkyl W&II@@I@R@W@MW 1 (i\mammr@pane\mz --NHalkyl,

--N and m each have a value from
1to%%ﬁ % is @?gérf“ﬂﬁ gp%zige%}g/} alkoxyl, aralkyl, or 25 alkaryl,
havlﬁ@qmﬁﬁﬁ%m%aﬁbbﬁﬁﬁ@ﬁwmmanly preferred

10\- aadeasglxy@@s&'&? AlsNPhenyiphepyiencdiamines (NPPDA), for

example, N-phenyl eny lenediamine,
“N- pﬁ@ﬁngﬂ%ﬁéﬁ?@Heﬂ%ﬁiﬁf@‘WW%nyl 1,2-phenylenediamine

andbrBaebitbrAmbervIgaeHRINBEaher polyamines of NPPDA -40

Polyether Polyol
15
In yet another embodiment of the present invention, the copolymer may be
reacted with a polyether containing at least two hydroxyl end groups to form
an ester. The polyether polyols have the fo'{lowing structure:
20
Rq R4 Ry
Ha Ho H»
HO = G e C—4 0 ——C —— C—F Qe G o G —=— OH
H H H
n
Wheréin R1 is independently a hydrogen or hydrocarbyl group, having 1 to
4 carbons, and n is the degree of polymerization.
25 '
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may also be included, such as N-aminopropyl-N'
-phenylphenylenediamine. (b) aminocarbazole represented by the
formula: 5 RR' C~- NH2 N in which R and R' each independently
represent hydrogen or an alkyl or alkenyl radical having from 1 to 14
carbon atoms, 10 (c) an amino-indazolinone represented by the formula:

0 - -ihist EIRIRG éﬁsmmm&l@wéthaam@as)rn@rm@ékpfbr@&i%thamgmynene

from 1 to 14 carbon atom (Fh -41 ( df) an amlnomercaptotriazole

repr%%éﬁﬂe‘é’ﬁ&?ﬂ%‘é‘?&r%

258 SEReNIPS (%r)aghane® which may be

amlm@mnmhiﬁmre@e@eht&dobmm@fmi&mhﬁ%,@dwvbaﬁe, having the

10

15

20

25

following structure:

HO~<H20>4~—-—0~€(0H2)4-O}-(CHZWOH
n-1 |

wherein n is the degree of polymerization.

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

polyoxyethylene glycol, polyoxypropylene glycol, polyoxybutylene glycol, and
polyoxytetramethyiene giycol.

The molecular weight of the presently employed polyether polyol will generally

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

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

preferably from about 10 to about 50, and even more preferred from about
15 to about 25 ether units.

Generally, the polyether compounds suitabte for use in the present invention
may be derived from only one ether type or a mixture of ether types, such as
poly(oxyethylene-co-oxypropylene) diamine. The mixture of ether units may
be block, random, or alternating copolymers. The presently employed ether

compounds are capable of reacting with at least two carboxylic acid groups or
anhydride derivatives thereof.
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10 in which-R represents hydrogen or an alkyl radical having from 1 to 14
carbon atoms; and (f) an aryloxyphenyleneamine represented by the
formula: A Ra Ri Aryl-0\17) 15 R2// in which R, is H, --NHaryl,
-NHalkaryl, or ranched or straight chain radical having from 4 to 24
carbon atoms that can be alkyl, alkenyl, alkoxyl, aralkyl or alkaryl; R2 is

--I\g;aqeréngj r(}ﬁé'@brpﬁ}f/rﬁéfp‘\l'h@y & réai&é?jmimra-mb&@ar%m ,daiy\éﬂfkr@r n

an each have a value from 1 to 10; and -42 R3 is. ogen, a

i R W TR R
pagisytagyprefesratianytexyphenylenedxaine dsifigbenaxydedinadsesters.
Method of Making the Lubricating Oil Additive Composition The lubricating
oil additive composition is prepared by a process comprising charging the

5 red@aktrcmpofnorerie. Beattedst one of copolymers (i), (ii) and (iii) as
described herein) in a reactor, optionally under a nitrogen purge, and 10

heating at a temperature of from about 80C to about 170C. Optionally, a
dilleradsiitimaycde ahge dopionadlyiumder! watiteo gatypmrige i dheetaene

i B0 RENe HORAHEATIe B HIRE RSy AT er triamine)
chargeds dpsoreilighunekis:lsr oeesie ) 1! theTeoreon NG amxascs

1015 beglad pdR] AOAABERHENSAY BAEIRGIANS, &g@&%t%%?out
130C to about 200C" Optionally, a Vacuum is agsmed. o the mixture for
abdbi 6r9inecapeRESian (0 @R iftvrivevel Bt WasPHEeGBAIigUR
adqitve ARIBPOSHRMEAR AISE) ReymadssigkaLEReRes 20 comprising
simultaneously charging all the reactants (reactant copolymer (i), (ii), or
(iii); the amino aromatic amine; and the ether compound which consists

Preferred amino aromatic compounds are descriped as follows:

15

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

20 in which Ry is H, --NHaryl, -NHalkaryi, or a branched or straight chain
radical having from 4 to 24 carbon atoms that can be alkyl, altkenyt,
alkoxyi, aralkyt or alkaryl; Ry is --NHz, —~{NH(CHy)~p)--m NH2, --NHalkyl,
~NHaralkyl, --CH; --aryl--NHs, in which n and m each have a value
from 1 to 10; and R; is hydrogen, alkyl, alkenyl, alkoxyi, aralkyl, or

25 alkaryl, having from 4 fc 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-phenyi-1,2-phenylenediamine
and N-naphthyl-1, 4-phenylenediamine. Other polyamines of NPPDA
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of at least one of a polyether polyamine, polyether amino alcohol,
polyetheramino thiol, ether polyamine and polyether polyol) at the desired
ratios into the reactor. One or more of the reactants can be charged at an
25 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 reaotey.alfe bedntinniésiceniacheM-pmatasbP:i-to 2 hours at a
temperaturg_fro ﬁ[bo t 133(3 to 200C. Optionally a vacuum is applied to
the reactioR 'f Targ r&ﬂﬁﬂs K& YESction period. 30 Preferably, the ratio of
polyetheramine, polyetheramine derivative and/or polyetherpolyol to
mongoethylenically un rated C3- mgonogarboxylic acid or ester or
~C4-C2a di%@r'ﬁ%%ﬁé%# ger%?aﬁ geé%?[) Ster %!6%‘;%;0 0.05; more -43
Soreferred, the ratio is 0.40 to 0.1; even more preferred, the ratio is 0.35 to
0.20; most preferred, the ratio-is.0.33. Preferabhy-the ratio of amino
aromatic compound to mg i saturated C@-QCZS
monocarboxylic acid or ggter thereof 4 oxylic acid,
: , the ratio is 0.40 to
; rast preferred, the
ratio is 0.33. 10 In one embodi % the Hon-free radical
catalyzed reaction product of compourrd (i)(a) and compound (i)(b) or
()(c), which is contacted with either coﬁolymer (i) or copolymer (ii) or
both, may be contacted in the presencé& of component (C) (i.e. the
aromatic amine) prior to the addition of component (B) (i.e. the ether
compound). 15 Luhrjcating Qil Composition The lubricati oié additive
compositdl HAL LA R G AT HoP S B i g an alk
sufficient torlaliriatbrabval drpants ffomexampledateoraktoms,

10

{c)  an amino-indazolinone represented by the formula:

15 in which R is hydrogen or an alkyl radical having from 1 to 14 carbon

atoms; and
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20 combustion engines, gears, and transmissions. Typically, the
lubricating oil composition of the present invention comprises a major
amount of oil of lubricating viscosity and a minor amount of the lubricating
oil additive composition. 25 The base oil employed may be any of a wide
variety of oils of lubricating viscosity. The base oil of lubricating viscosity
use@)in sush fampesitonstaayzde miresalpi oy sxathatieupls. A base
oil having a viscosity of at least 2.5 ¢St at 40C and a pour point below
20C, preferably at or below 0C, is desirable. The base oils may be
derived from synthetic or natural sourc 0 Minerat oils for use as the
base oil in this invention include, for raffinic, naphthenic and
other oils that are ordinarily uggd inAdbricating @il compositions. Synthetic
oils include, for example, both hydrocarbon synthetic oils and synthetic
esters and mixtures thereof having the desired'yiscosity. -44 Hydrocarbon
synthetic oils may include, for example,,pumﬁpared from the
polymerization of ethylene, polyalphaol,eéfin 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 5 include liquid polymers of alpha olefins having the
roper viscosity. Especially useful are the hydrogenated liquid oligomers
of Geyo Ci7 alplt iefingislkchpiesbnteseardmsaimbikewise, 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- oxy 10 alkanols and polyols.
Typical examples are didodecyl adipate| pentaerythritol tetracaproate,
di-2-ethylhexyl adipate, dilaurylsebac nd the like. Complex esters

oils are also useful. 15

10 in which R represents hydrogen or an alky! radical having from 1 to

14 carbon atoms; and

(f) an aryloxyphenyle'neamine represented by the formula:

Ry—Aryi~0 \L‘ /

15 Ry

in which R+ is H, --NHaryl, -NHalkaryl, or ranched or straight chain
radical having from 4 to 24 carbon atoms that can be atkyl, alkenyl,
alkoxyl, aralkyl or alkary; Rz is ~NHp, ~~(NH{CHz)--1}—m NHz, ~-NHalkyl,

20 or —-NHMaralkyl, in which n and m each have a value from 1 to 10; and
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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. 20 Method of Use of the Present Invention The lubricating
oil additive composition of the present invention is added to an oil of

Iubricatingwgsgw@fdgef@%wnomem,%lu&;&g@%@l,_%%ﬂi?ﬂaﬁhszgom

lubricating oil composition contacts the engine, improving dispersancy. ]
Accordingl§ e Fraht #0BHtioh feAisH' 3ty predemes mbtiesrsenyleneamine
improving iglispersaneys il internal combustion engine which comprises
operating the engine with the lubricating oil composition of the invention.

The following examples are presented to illustrate specific embodiments

Df 30dthisdnviditieimauickaratidtinaetip Asitied iTanyawsoas limiting the
scope of the invention. -45 EXAMPLES Example 1 Preparation of
Terpolymer (Copolymer (i)) 5 2513 grams of high methylvinylidene
polyisebutyteatinavingdivenbempusitageimolesalat weighirgdag Ot abpuising

230 : hylyinyli f about 78% (which i ilable ..

ron LAGE A CSSOA() BED0) Wl el o o £ ety gl o

With(‘éégif@tdaaeﬁhpérhﬁﬂmédmwomcmrd dtiovedheactieoadeitseeantlirge, and
1ol giampdeliradesene Jan,plsg- Cedsd o e eastar g

the agita mixture was heate races of moisture wer

remoiedrbpispaying 250 gethaption iy ogetettaoughgbe puigkie fo same
about A0 HodLATIer Aning. e BIOARIY AP é%@ﬁﬁ;@g%ﬁngead

space at a rate of 30 scm3/min. 178.8 grams maleic a ride and 15

16.PgHspH3eaR0mg/| p@h@ﬁd@%ﬁ@@mr@cﬂﬁﬁ@rﬁmﬁt@mmp@m are
simutangayshnivthny eReiar ngg@ﬁ%ﬁrﬁé{%%W@AS{S@WQH%&%%

15 heated under a nitrogen purge to a temperature in range from about 130°C to

about 200°C. Optionally, a vacuum is applied to the mixture for about 0.5 to

about 2.0 hours to remove excess water.

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

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

25  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 136°C to 200°C. Optionally a vacuum is appiied to the reaction
mixture during the reaction period. '

- 30

Preferably, the ratio of polyetheramine, polyetheramine derivative and/or
polyetherpolyol to monoethylenically unsaturated C3-Cag monocarboxylic acid
or ester or C4-Cap dicarboxylic acid, anhydride or ester is 0.45 to 0.05; more
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dicumvl peroxide charging were finished, the temperature of thereaCtor
Was maintained at 150C for another 1.5 hours. The reactor was heated
to 190C. During the heating of the reactor, the pressure was gradually
lowered to 20 20 mm Hg when the temperature o f the reactor r eached
180C. The temperature was geld at 190 and the pressure was held at 20

mpHgeRdal theaktir id Daurdwing svieishnisrgreisedcandeasata was to
coll d. The product was cqoled a yield of 2693 grams of
cop%%ﬁﬂe'??ﬁ% S %%?gmtg& ff%%&?aﬁ\%%e 2 Tarpolymer Preparation with
Post Treatment Step (Copolymer (iii)) 67,584 grams of high

me inyli i lene having a number average mplecular
et T O e D B S S R Gy
57 8ou iAot ishailabl e frons BLGH ks Blidsupad(er 280@piyas Gharged to
a30 : r ' [ [ L te ratur .
o T e e B, Wk L BBt the i
1-héAdEtEn 8 RRisearid Mishgrgeefendte teacwio and. fietaditabe dnuikureferred,
wastheated 19 42QC. Traces -46 of moisture were removed by sparging

6.7 sLimin nitrogen through the mixture for about an hour. After drying,

the nitrogen was fed to the reactor head space at a rate of 500 scm'im in.

 10/80R gRasRRleie anydride ARG gL Qﬁ%%ﬁﬁﬁ@@'?%gigfé‘l"ég’c)éll%?’fgj&tion

were fed simultaneously to the reactor 5 over 2 hours. After the’'maleic

anhPERAEEALARIAAYIH S RNEHRTIRG Wit finish éd chaviiehdsraantected

of 'thetrestier WasmAaANeH Apbradprianatiet Ired)utchiscted in the
resulting terpcf)PI%/mer was then post-treated by heating from 150C to about

23207 ORHIGT e RRRERALIE FHeaRnkY HemaihaBe Brgiera rsardiien of
aciccepuedfrory a sutfes atieyt ggmmm@q-of alkyl 10 benzenes) was
harged to the reactor and heating was continued until the reactor
emperature reached about 232C. immediately after charging the sulfonic
- acid, 32@datirandi rGatescalydride was fed to the reactor over about 1
hour, The pressure control was set to hold at 10.3 psig (172.4 Kra). The
reactor

The lubricating oil additive composition described above is generally added to

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

lubricating viscosity and a minor amount of the lubricating oil additive
composition. '

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

2.5 ¢St at 40°C and a pour peint below 20°C, preferably at or below 0°C, is
desirable. The base oils may be derived from synthetic or natural sources.
30 Mineral oils for use as the base oil in this invention include, for example,
paraffinic, naphthenic and other cils that are ofdinarily used in lubricating oil
compositions. Synthetic oils include, for example, both hydrocarbon synthetic
oils and synthetic esters and mixtures thereof having the desired viscosity.
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temperature was held at about 232C and 10.3 psig (172.4 Kra) for 2
hours. 15 The reaction product was cooled to a temperature below 190C
and then diluted with 46,600 grams of 100 Neutral oil. This yielded about
119,500 crams of oil-diluted copolymer (iii). Small amounts of sediment
were removed using a pressure filter and diatomaceous earth such as

Cefittdr&d2bR0ssauthieitc D Ry epayationiof GbSslublelbubiicaisgsRil from the

Addjtive 300_arams pf polymer prepared according, to Example 2 were
s s R ok s Bereyee rom
of 149droTheb2bsyindingers pativetierasaspng undssramacaniddamébr§@rogen

min e , 22, ams of diluent oil was charged. Inthe .
g o A e R T R A aflton ois
Zhaigeydmdiarid pilsooeis phajeha Jefiramsingtigpropytenescidédy. Especially

"ami , j X] ber av e molecular.
AT B TR N & Bl o

nitrotySIS R IMRE kdketipes Akatdg taessTolpuses vty Rurge as
Theé%@éﬁ%ﬂ%‘%ﬁﬂ@@%&%%_é&ﬂ%Fﬁﬂgtiéeé‘r%f’é/%hm%ﬁﬁe-rﬁ% esters of

charge mole ratio of N-PPDA to anhydride was O.B. The charge mole
ratic o IISE PO AR ANE ARV G I UGG tRe Wwelaralrpaseydeoxy

107 Exaianits3fexaspies 4yhiradeConmatative fxaime %Er;FaYé?TEgebqéa?_rythritm

carried out and are also summarized in Table | and Takgle 1A.5

PostaifearRichi plivirRiPvRtARiRR e it ylssimsaiadand the like. Complex

polyexyatkyenrreipfirermalyrasrAmiBsclmM R ABe A MR s ARG dno and
Aming 1;fmine 2 Example Charge Type Charge Anhydride Amine 2 Type

Chaﬁj’%y Wd@fé@n%a @%@%Rﬁ(gf@%rﬁéﬁ*ﬁds of mineral oils with synthetic oils

are also useful,
15

Thus, the base off 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.

20 - Method of Use of the Present invention

The lubricating oil additive composition of the present invention is added to an
oil of tubricating viscosity thereby producing a lubricating oil composition. The
lubricating oil composition contacts the engine, improving dispersancy.

25 Accordingly, the present invention is also directed to a method of improving
dispersancy in an internal combustion engine which comprises operating the

engine with the [ubricating oil composition of the invention.

The following examples are presented to ilfustrate specific embodiments of

30 this invention and are not to be construed in any way as limiting the scope of
the invention. |
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3 300 NPPDA. 17.72 0.80 PPO DA 400 /mol 4.76 0.10 4 300 NPPDA 1
8.84 0.40 PPO DA400 /mol 14.4 0.30 5 75 NPPDA 1.29 0.23 PTMO DA
1000 Imol 11.5 0.38 6 100 NPPDA 1 1.70 0.23 1 PEO DA 2000 a/mol
30.810.38 7100 4-PA 4.0 0.55 1 PPO DA 4000 /mol 36.0 0.23 NPPDA:
N-phenylphenylenediamine PPO DA: Polypropylene oxide diamine 10
PEO DA: Polyethylene oxide digeiidé/PIENIO DA:
Polytetramethyleneoxide diamine 4-PA: 4-phenoxyaniline 15 Table 1A:
Comparative Examples: Post Treated Terpolymer reacted with of ox alk
lene diamine Polymer Amine 1 CREERRnE 2 CMR Amine 1 Amine 1
Amine 2 Example ChargetiChafJe: Amine=2 TypeGhargs) Type Anhydride
sAnhydride tg) 19) Content ~9) Content E 100 none None N/A PEO DA
1100 /mni 28.40 0.5 F 80 none None N/A PEO DA 2000 /mol 37.87 0.5
NPPDASRKIphéen)iphatifiehadiagaine PPOG DAL Rolypropylene oxide
diagine P FOLAPabghylene.oxids diaming. 20 Fxample & Breparation
of Qjl Solubél)gé}_ bri_gatjng Oil Additive 25 88 grams of polyﬁmer prepare
accdrding o Exaipie T WErEURNYEIROH rdetsrormiBra Mt oGen purge
and-hegteth i & temperatare pb4A0CH Eheseharged pelyrer was Sling
10UNdRLYAGUUMIN AP0 miauiss Jn the same.

charged to the reactor, and the agitated mixture was heatad 1o 150°C. Traces

hexadscens was also

of moisture were removed by sparging 250 scm®/min nitrogen through the
mibdure for about an hour, After drying, the nitrogen was fed 1o the reactor

nead space at a rate of 30 scm™imin. 178.8 grams maleic anhvydride and

Y
[SE]

16.4 grams dicumyi peroxide in a 50% solution with toluene wers fad
simultaneously o the reactor over 2 hours, After the malaic anhydride and

dicumyl peroxide charging were finisnad, the temperature of the reactor was
maintained at 150°C for ancther 1.5 hours. The reactor was heated to 1900,

During the heating of the reactor, the pressure was gradually lowerad fo

29 20 mm Hg when the temperature of the reacior reachad 180°C. The
temperature was geld at 180° and the pressure was held at 20 mm Hg (2.67 Kpa) for
1 hour during which 15 grams of candensats was collectad. The product was
cooled anc & yield of 2623 grams of copolymer (i) was obtained.

25 Exampls 2

Terpolymer Preparation with Post Treatment Step (Copolvmer (1)

£7.584 grams of nigh methylvinviiciens polyvisobutylene having a numbear
average molecuiar welght (Mq) of &bout 2300 and a mathyivinvlidens content
30 of about 78% (which is available from BASF as Glissopal® 2300) was

chargad to a30-gallon {0.1136 m®) reactor aquipped with agitator, tempsaraturs controlisr



reactor, 72.46 grams of diluent oil was charged. In the same reactor, 2.46
grams of N-phenyphenylenediamine (N-PPDA) was charged under a 30
nitrogen purge. 26.04 grams of polyethyleneoxide diamine (PEO DA,
having an approximate number average molecular weight of 1000) was
slowly . charged to the same reactor under a nitrogen purge. The reactor is
hEAtBYTY AR BOTTINGR Y ARFEHER Purgel MTRE e span dheler a
vacuitunz for bbihanrsdorremevesiexcess mataenihechargarmele fafio of
N-PP 0 ydrid s 0.23. The rge mole ratio of PEO DA to
an e;?éDrls gthT/ai%s §q9“ O§ #glé%vf‘i‘n@}ﬁ‘e ﬁ{;geb:] 9%?6150?@ FPOF NGBS,
Extdrn pranee snaneimh péranverEsarplossre D weredbarried: outatid ase@so
5 Sunmarzeekinkable.2and - tahle-2A. Table 2; T eraolymer ( Siere
treatmel t) reacted with NPPDA and polyoxyé]kylénge 10 giam%ﬁ%g}%i}ivfr”
-Mﬁisﬁor%\ym% RS K ToaieR SOonKsmB 2 kiR ot L Sahple pO¥Tge T
e OrergerA. ihdosdeiAr e dyperl GaaresiflsYasLe)Anhysside wdintent
t9..Gontent,. 8 889 » 2460 2e 1 PEO DA 1000 glmol 26,04 039 9
10b | NPPDA 4.2;#0 g%ﬁ_%lbég‘ﬂﬁ%aéﬁ%‘oﬁ“ fﬁ%p RS b
PoiettijRshe OXidE tiamiite TRibkeRATT ornpérativen BXamples:: of aiky!
10 Terpabaner) (naspost eatmentideacted with .15 polyoxyalkvlene diamine
i-olvm Amme 1 Amine 1 Il M" I mine 2 : NR _xample ne .. ha ge ,"/mne
1 Mine AMINE Z TYpEeargeq 2536 xnmyarids Ay ahoa sfotamr snint ~

Wisulfonic acid, 3201 grams maleic anhyaride was fad 1o the reactor over about

1 hour T re mamErel wmn amb b e N
t hour. The pressure control was sst to hold at 10.3 psig (172.4 Kpa). The rsactor

temperature was held af about 232°C and 10.3 psig (172.4 Kpa) for 2 hours,

o
[83]

The reaction product was cocled io a temperature balow 190°C and then

diluted with 45,800 grams of 100 Nautral oil. This vielded about

119,500 grams of oll-diluted copolymer (i), Small amounts of sediment were

removed using a pressurs filier and diatomaceous sarth sush as Calite® 512

coxamnie 3

Preparation of Gif Soiuble Lubricating Oil Additive

300 grams of polymer preparad according to Example 2 ware chargedto a

reactor undsf & nitvogen purge and heatsd to a temparature of 140°C. The

charged polymer was put under a vacuum for 45-80 minutes. in the same

reactor, 22.5 grams of dilbent off was charged. In the same reastor,

rams of N-phenyphenyvisnadiaming (N-PPDA) was charaad undar a
nitrogen nurge. 4,78 grams of pohypropyiensoxide diamine {(FPC DA, having

an approximaie number averags molecular weight of 400) was siowly charged

20 1o the same reacior under a nitrogen purge. The reactor is heated to 130°0

N

undar a nit

-3

e, T

ogen pu the reactor is put undar a vacuum for 1.5 hours @

pitd

remove watel.

ne charge moie ratio of N-PPDA to anhydrids was 0.8. The
charge mole ratio of PPO DA 1o anhydride was 0.10.

s
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__Content 1 A 90 none none I NLAi. EO DA 900 aimol 0.5 100 none i
none NA, DE-- DA 400 gimol i7.". 2111 5 75 none | none | NIA P80 DA
1100 gimoi 29.62 0.5 D 60 none | none NLA P80 Dr; 2000 oima | 3908 |
0.5 PED DP.: PoiYeinYlene oxi e d diamine =,,amDle 10 20 PoiyPIBSA
Preparation with Pest Treatment Step (Copolymer (iii)) 52,178 grams of
high methylvinylldene poiviso'Dutylene having a number .average
molecular weight (Mn) of about 2300 and a methylvinylldene content of

albaus FRYwBisIs Rvallabip o BARR as Slissopaliti2300) was

c%r&ed to. a 30-ealion reactor (0.1136m; equi
'te

SR

RS CETRIRS =R VEVR ARSHA:

ped with agitator,
BiatiePreeaivaras 157

greable 6fandhigibienethylvinylidene polyisobutylene having a number
average molecular weight -49 (Ma) of about 1000 and a methylvinyfidene
content of about 82% (which is available from BASF as Giissopal(r) 1000)
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‘were fimshéd;th

temperature

?Qgﬁqwﬁﬁ@@i at 150C for another 1.5 hours. The

232, Whiehetlieagimperature reached about 170C, 66. grams or

Mgé@{‘éﬂ,p@st-treated by heating from 150C to about

15 Table 1A: Comparative Examples:; Post Treated Terpoiymer reacted with
polvoxyalkylene diamine .
: Polymer Amine 1 Amine 1 Ar?ﬁﬂ§1 Aming 2 Ar?wMR2
1 Example | Charge i ' ne
P (g)g Type Ch(zr)ge Anhydride Amine 2 Type Charge Anhydride
Conient (@) Content
E 100 nona None NIA PEC DA 1100 g/mot 2840 | 0.5
F 80 none | None NIA | PEO DA 2000 gimol | 37.87 | 0.5
NPPDA: N-phenylphenyienediamine
PPC DA: Polyprapylens oxide diamine
PEC DA: Polyethylene oxide diamine
20
Example 8
Preparation of Oil Soluble Lubricating Oil Additive
25 88 grams of polymer prepared according o Example 1 were charged to a
reactor _under a nitrogen purge and heated to a temperature of 140°C. The
charged polymer was put under a vacuum for 45-60 minutes. In the same
reacior, 72.46 grams of diluent oil was charged. In the same reacior,
_ 2.46 grams of N-phenyphenylenediamine (N-PPDA) was charged under a
36

nitrogen purge. 26.04 grams of polyethyleneoxide diamine (PEO DA, having

an approximate number average molecular weight of 1000) was slowly

charged to the same reactor under a nitrogen purge. The reactor is heated to
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sulfonlc acid (derived from a sulfonation of a mixture of aikyl benzenes)
was 1 5 Charged To the reactor and heating Was continued Until the
reactor temperature reached about 232C. immediateiv after charging the
sulfonlc acid, 3617 grams of malelc anhydride was fed to the reactor over
about 1 hour. The pressure control was set to hold at 10.3 pslg (172.4
Kpeb). THRFRE 8O 88 PRTSturd v REI AP HbeRR T3 G aAEINIOT3 psig (1 7
2 4K pa)rion 2dnesrss 20cekhedeaction presustwas egolethicapsa 1o
temperature b 0C and then. diluted.with.46 200 grams,of 100.ii
o e ot 114 00 A O it BT AL
Small amounts of sediment were removed using a pressure filter and

5 dintamaceeuseanhsychas Gefite(tr-hl2. 25 Fxample 14 Preparation
of Oil Soluble Lubricating Oil Additive 100 grams of polymer prepared

aCCOTOMG o XS T MR harie d'ts é“@@&&ﬁ?dﬂ&aé%i%@%n
purgesahil heated to a temperature of 140C. T. he 30 charged polymer
was out under a vacuum for 45-60 minutes. In the same reactor, 66.4
grams of diluent oil was charged. In the same reactor, ;.79 grams of

" N-ﬁ?@n@%ﬁwié"ﬁémamﬁ@w“wwAaaﬁag eharfed vnderrahnitregenns

i 4
|

1 _an a}ppﬁﬁé’ri‘maq%:mm mberave .ragefmqj:‘“,hflggulhr weight of 4000 Eglm@k) wq'-ls Aﬂﬁiz
=G0y, CfigfGed mithe sanféTepetorunder a Afigér Blirge. Ffigteactonise
- > IC under. a nitrogen-ptitgie. The reactor is put undk fa | Coment

| | ; 5 Tl == TGl b PEe Ny i

88 LNPPDA L 2 [ui=te 1
0o | i ; L P } i

was O.38I. Ifollowing he general procedure of Example 11, Examples

12-14 and Comparative Examples G-H were carried out and are also

summarized in. Table 3 and Table. 34, 10 Table 3: Postreated
15PolyPIBSA polymarfeactes-with NPPDA and polyoxyaikylens -

| | _ . L CMR. | CMR
Polymer ‘ i aming 1| ‘ ¥ DA I

% N R I Amine 1| :minr ! PoAmine 1 L CATARE S e 2
| Example | Charge | - L Charge |, T Amine Z Type | charge | o
\ : S Lotype 7 (g\_ Lo Annyariag | ’ ! ( N | Annvdride
ﬂ S P ‘. Pl Zonem L coment |
| ) 80 ! nonz | none | MIE | PED DASND gfmol | 2785 | 05 !
i B 1100 1 none | none | NS5, | PEO DAL g/mo, | 1743 L 05 i
i C I 7% | none | none | B, P PED DA MO almol T 2882 0.5 |
! D 80 | none | none | S P PEC DA 2000 aimol | 38,49 08

PzO DA Poiyeihylene oxide diamine

=xample 1€

20 PolyPISSA Preparation with Post Treatment Siep {Copolymer (i)

22,178 grams of high methvivinylic ene polvisobutylene having a number

a

verage moteciar weignt (Mq) of about 2300 and & methyivinviidene contant

of about 78% (which is available from 2ASF as Glissopall

&)

» 23007 was
charged to a 30-galion reactor (0.1138m% equipped with aghator, ismparaturs

controller and overhead condenser and recsiver. 14 267 grams of 2 high

methylvinylidens polyisobutylene having 2 number averags molecuiar waight

- 49



diamine CMR Amine 2 CMR Poly 2 mer Aminel Amine 1 Amine 1 Amine
Example Charge Charge Amine 2 Ty p e Char e ~9) Type (g) Anhydride
yp 9 Anhydride Content (g) Content 11 100 NPPDA 1.79 0.23 PPO DA
4000 /mol 4.6 0.38 12 75| NPPDA 1.29 0.22 PTMO DA 1000 9/mol 0.39
13 7B NBPDAUL . 2900. 22 PE O DY 1000 frent 12256387 B4 LOERRPBACH s

1 79,023 PPO DA 400 /mol " .
eny%bienyrgn%eﬁ(lilamlne gﬁgpﬁ%glﬁﬁe)thﬁesnceng Tatrrﬁ?n'(é’alc prand the

PP@@At%ﬂypmmﬂmm@@draﬁmﬁe@TM@Muced a 68,445 gram blend of

Pol t-t

e e e e B e e B A

CMRsahing abAariinetd Amﬁ@@?%i@@n@ww}bar@ém@@ﬁmgéam ng

Anhycride &iming SJTYRR CaraR Apyside, Gantent Ql Cantnt (G 108

none none N/A PEO DA 1100 /mol 1 32.06 0.5 H 85 none none N/A PE

DA Z0g0Ynibt 41146 05720 PEG DA: r@@@»‘@mpm@aa@ dignimie of

Exampie;Lp, Preparation. of PolyRIBSA(Copolymer (i) 254095 QEamSBimated

high methylvmyhdene polyisobutene.having a number average molecular
weighEuy GEabOEE 10B6 Adla MetsavisyiRIEnEeonteit oraBbath 76 Afer

1(whighds.commersiallysavailable fram BASKANA-SKROWN:AS finished, the

4 mn 4

tarmperature of the reactor was maintained at 180°C for another 1.5 hours,

The resulling polyPIBSA was then Dost-iraatad by heating from 130°C to

L Ratal T

about 232°C. When the tempearature reachad about 170°C, 86.7 grams of

sulfonic acid (dernved from a sulfonaton of a2 mixture of alkyl banzanes) was

P

(83

charged 1© the reactor and nealing wes continued untit the reactor
temperature reached about 232°C. immeadiately after charging the sulfonic
acid, 3817 grams of malsic anhvdride was fed to the reacior over about -

1 hour. The pressure conirol was sst to noid at 10.3 psig (172.4 Kpa).
temperature was held at about 232°C and 10.3 psig (172 .4Kpa) for 2 hours.

20 The rsaction product was cooled 1o 2 tamperaiure below 190°C and then

diluted with 48,200 grams of 100 N eutral oil. This vielded about

£

118,400 grams of oil-diluted polyP! BEA. Small amounis of sadiment ware

removed using & pressure filter and diatomaceous sarth such as Celite® 512,

Ol Soluble Lupricating Oif Addi

100 grams of polymer preparad according © Txample 10 were charged w a
reactor under 2 nitrogan purge and heated 0 a temperature of 140°C. The
30 charged polymer was put under a vacuum for 45-80 minutes. in the same
reactor, 68.4 grams of diltent oil was charged. in the same reactor,
79 grams of N-phenvphenvienecliamine (N-PPDAY was charged undar 2
nitrogen purge. 84.6 grams of polypropylensoxide diamine (FPO DA, having

- B0 -



10

Glissopal 1000) was charged to a reactor and the reactor was heated to a
-51 temperature of about 150C. 589 grams maieic anhydride and 54.14
grams of dicumyl peroxide were fed to the reactor. The temperature of
the reactor was maintained at 150G for 1.0 hour after the maleic
anhydride and dicumyl peroxide are charged to the reactor. The reactor
was heated to about 200C 5 over a period of about 1.0 hour, after which a
vauBRPIWAS AlSOIEB® retieege thelprabsure imh0oASRO(Pa) kile slowly
malrigieng the demperatiie di2PGidd . YRshEld AR e 1o

A
vagim B&ggrsuremfgr about 1. E}lours at 200C. The reactor pressure was
then inéreasad 10 smbleht 8onaitforReSIRg thaybhreWiFER WA B Ofiltered to
providewietneempreduerliExcrapie thRrepiaratisrPoRitSoiiyieride
Lubsisating Bl A4 engR 05a5 5,05 RSIYRSY Cogdigg to
Example 15 were charged to a 15 reactor uél%lfﬁr@a% Frﬁ%o%g%%ég%grge and
heated to a temperature of 140C. The charged polymer was put under a

vatolinwifay th5-Gidenih presedn the fearammyRacior @hg gsams ohdiuent oil

tor 3.40 f -
N AL IR e UEPP ) AL P BSRSPT ARGE

N-
pu%@?el:?%‘@r&iﬂ§ 8fpolyproovieneoxide diamine (PPO DA, having 20 an
approximate number average molecukar weight of 400) was slowly

charged tq the same reactor under a nitrogen purge. The reactor was
heaﬁgﬁdﬁoﬁg%?ﬁ%eﬁga‘%ﬁ%@&%ﬁfd@%\w&a Ot Wadnsutalisensisyiene

'Preparation of PolyPIBSA (Copolymer (ii))

25

4005 grams of high methyivinylidene polyisobutene having a number average
molecular weight (My) of about 1000 and a methylvinylidene content of about
76% (which is commercially available from BASF and is known as

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

- 51 -

vacuum for I.5 hoursito removyes . S
PROANTS. o inen! ' : i, i j .
| eabbBPLRREahydiae WEE 20 Aheehalge mole fatlo of PEGDASS | srne
anhydridg was 0Y88. 25 Fglfowingntherigeneral procedufe of Exa ré[,% 16 Anhydride
Examples 17 apag 8 werespartied Sl and-ase alsp summariaed iy TableConent
4. -b2 78 NPPDA 1.28 0.22 PTMO DA 1000 gimol | 125 .39
13 75 NPRDA 1.29 0.22 PEO DA 1000 g/moi 12.5 0.39
14 100 NFPDA 1.79 0.23 PPO DA 400 gimo! §.46 0.38
NPPDA:  N-phenylphenyienediamine i
PEO DA:  Polyethylene oxide diamine
15 PPODA: Poiypropyiene oxide diamine
PTMO DA Poiy‘tgtra-methyieneoxide diamine
Table 3A: Post-reated PolyPIBSA polymer reacted with polyoxyalkyiens diamine
Polymer . Amine 1 CMR Arni CMR
Amine 1 Amine 1 rine 2 i
Example | Charge i Amine 2
? (g)g Type Ch{agr)ge Arhydride Amine 2 Type Charge Anhydride
Content (o) Content
G 105 none none N/A PEC DA 1100 g/mol | 32.06 0.5
H 85 none none N/A PEO DA 2000 g/mol | 41.46 0.5
20 PEO DA: Polyethyiene oxide diamine
Example 15




Table 4: Post-treated PolyPIBSA polymer reacted with NPPDA and
polyoxyalkylene diamine R R Polymer Amine 1 7rcharge' | Amine 1

Amine 2 Amline 2 Example charge Type Anhydride Amine2 Type charge
Anhydride (g) , Content Igl Content 16 75 NPPDA 3.40 0.23 PPO DA
4004moki2 303G b 7B PP BAC 1A 800 .8G REQDARBGRMIAA6 Dgrams of
010, 15 75 NPEDA 11,05.0,75 PRO.DA 2000 fmol 20,0,0,125 NPEDAL, .
N-p%"e’HyIE‘ e‘r’lﬁénéc}?}é’rﬁne F}EBj EA’:%R/éthy?ene xide diamine: 5 Ppg "
DA rRahpropylentdkidediathime Exéimples Axdleaceacomipamtiveg dicumyi
exa?&?ﬁﬁ@’%‘t%%hc %@%@@%E%&a@@pﬁﬁ??@%&o%Qs“n%‘é\?edé%lgb?ﬂ!‘foo°c
present invention. comparative examples were prepared by reacting
‘oneofithe copolyneroeniployedrirattis 1@ prosertmventicrs withised to reduce
polyoxyalkylene diaming.z ithout an aromatic. amine, Jproduct-af, ..
Con B B T ki B BT B AP SRR eacior
lubriezating Dilpdenickciscomsiciered areunde sitate g @akfe i al iispersant.

The r@gﬂgdp@%ScngReéetéxgrﬁmF%Mﬁgmﬁg insgluble. gelwhen; .

dissolved in"a lubricating oil, which is also cons an 15 undesirable
quallaintasiisiiersarie By cemprrisea Exanpiés 3-9, 11-14 and 16-18 in

4Which the copolymer was reacted with both a polyoxyalkene diamine and
an aromatic amine, exhibited little haze and did not form a gel. The
resulting products of the examples of228hagMfention are soluble in an oil
of lubricating viscosity, Example £9 Rraparation.af-Low Moleggiar Weight
PIB/Maleic Anhydride Copolymer (Copolymer (ii)) 25 3004.7 grams of

polyisobutylene having a number average molecular weight
75 grams of polymer prepared according to Example 15 wers charged ic

v

-

15 reactor under a nitrogen purge and heated to a temperature of 140°C. The
charged polymer was put under a vacuum for 45-60 minutes. in the same
reactor, 80.7 grams of diluent oil was charged. in the same reacior,

3.40 grams of N-phenyphenyienediaming (N-PPDA) was charged under a
nitrogen purge. 12.3 grams of polypropyieneoxide diamine (PRPO DA, having

20 an approximate number average maolecuiar weight of 400) was slowly chargad
to the same reactor under a nitrcgen purge. The reactor was haated to 150°C
under a nitrogen purge. The reactor was put under a vacuum for 1.5 hours ©

o

removes excess water. The charge moie ratic of N-PPDA to anhvdrice was

—_ —

0.23. The charge mole ratio of PEO DA {o anhydride was 0,38,

Foliowing the general procedure of Example 16, Examples 17 and 18 were

G
carried out and are also summarizad in Table 4,

3
1
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(Mn) of about 350 and a methylvinylidene content of about 78% (which is
available from Texas Petroleum Company as TPC-535) was charged to a
10-reactor equipped with agitator, temperature controller, and overhead
30 condenser and receiver. Traces of moisture were removed by heating -
to 153C under nitrogen for about 45 minutes. 715 grams maleic
ke B R R e o

were, simultaneou e reactor over inutes. After the

malgic anhydride angd dicumyl petwide ¢harging was finished,.the i CcMR
Exanl;glgﬁp_ep & m% oRithiesreac ”§£§ng raintdined at 153CoE an Pt “Eég Jmine 2
min{tesig} he |reBfor wasdieatedTYH % temperature of abgut 18OC 107G rent
TEppToXirEtely =Hspur aftgravhich agvaCUUNiEWas appga@ito TEduee e 038 |
1pressuredo D psiec{0 Pa)iwhileé mansainingihe Aenmperatune até.o 0.10
TBpproximately ¥9eR® Tha! actor via§ helcPHRdéd: X8I predefre for 0125
g@gﬂtﬁﬁ@ﬂt@ﬁgﬁﬁﬂﬁe reactor pressure was then increased to
5 anbientgonditiens@neithe product was filtered to provide the heat
product. 10 xamoie 20 84.2 grams of polymer prepared according to
Example 19, 56.8 grams base oil, and 17.39 grams
NERTRRIFRA P RENRIMASINRE TR Th el t5%:CPERB56 1AL ciass
IERGHNSIA I agers sweep- st itsoghaced tovbetiteadioes. chineparsietor was
heated.from a temperature of oa :
R R G S S e B R s T e
10

15

20

25

30

pussesbimemdtavilyzpalymbaialrTagiamipr eommitesyht bRII06ENd
Madse 200G dodhespipsessdlesarinesin Und- P aiemitio neE> iga0)

was 20 charged to the reactor. T o the reactaor, 57.3 ,rams of ity |
SRS R T U in ISR (S SANSRs oty b s e Al B
averageamoleculanueighCof60@dndivbichiasdy-bfpurehasadstbipie
Hun n ratio, my j e deff
aér%in%é%% Sgs%glggﬁAg\}g%ﬁﬁnm gg ’a?;:&)?\?![;lc?e,‘(gé até({)f%ﬁé Brﬁﬁé%c?gd%g]viscosity of
thidestinite FealtihaiisaattaRhs 253.3 -St (259.3

By comparison Exampies 3-8, 11-14 and 16-18 in which the copolymer was
reacted with both a polyoxyalkene diamine and an aromatic amine, exhibited
little haze and did not form a gel. The resulting products of the examples of

the invention are soluble in an oil of lubricating viscosity.

Example 19
Preparation of Low Molecutar Weight PiB/Maleic

Anhydride Copolymer (Copolymer (ii))

3004.7 grams of polyisobutylene having a number average molecular weight

(My) of about 350 and a methylvinylidene content of about 78% (which is

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

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

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

153°C under nitrogen for about 45 minutes. 715 grams maieic anhydride and
-53.



mmz2is) at 100C. Following the general procedure of Example 20,
Examples 21-22 were carried out and are summarized in Table ti4_ Table
5: PIB/Maleic Anhydride Copolymer reacted with NPPDA and
polyoxyalkylene diamine Polymer Amine | CMR Amine 2 CMR k22
ChargesAamims IiChargerarmifiecl Mmhte R Tdige WHiHE 2¢iseisityest g
Typgn?um&réﬁiﬁﬂ ype Anhydride @ d 900G a-Coptentia) GoptentBdRide
NPPDA 17.39 PEC DA 57.36 259.3 600 imol 126.3 NPPDA 10.9 TEGD
22 BN 64N 56D KOP DRIRNMVEE BD §8i3 ¢ 28 mo RSS! the reactor
N-phenylphenyignediaming REQ-BA:Palyoxygindensdiamine beTEGRd t© 5
triethylene glycol diamine Example 23 10 Examples 5, 11 and 20, which
CoxetRPIF Bie fubTeaEiny ‘GF dd dRiver REHipoaIaoN dTIHE Present v by ™
wergavaluated-forpRECent viseasity increase bsing-asealthiekening
bench test, which measures the ability of the formulation tq disperse and
contRITWREH4iIEyAhBROASE Feiting Hrom thed SRS Gcarbor Bigtkag- ™
sootsutkogate Wsing theseal:thiskeninm benghidoriests the wiscasity obeeasad
fresh oil is measured in centistokes. The fresh oil is then treated with 10 .
Wt% RAVENETDZOTCATEBR BlkcK, Shppiied BYFE ditimtsia Chemtar So 5o ProdHc
4fprm a mixture containing approximately 5 grams Raven 1040 carbon

black and 45 grams fresh oil (test oil). The t,eﬂsl;)gil, which contains carbon
black, is then homogenized using a RigRSBeedtissue

84.2 grams of polymer prepared according fo Example 18, 58.8 grams base

oil, and 17.3¢ grams N-phanylenephienviendiamine wers charged o a

(@3]

1000 mL giass reactor. A nitrogen sweep was introduced o the reactor. The

reactor was heatad from a temperature of 18°C 10 a tempsrature of 18070

and the contents were stirred. To tha reactor, 450.0 grams PIZSA {basad on

nolyisobutene having a number averags molecular weight of 2300 and made

.according 1o the process described in U.S. Patent No. 8,156,850} was

20 charged to the reactor. To the reactor, 57.36 grams of polyethylens oxide
diamine (PE0O DA, having an approximate number average moiecuiar weight
of 800 and which may be purchased from Hunstman Corporation, Houston,
Taxas, having the trade name Jeffamina® £D-series). A vacuum was applied

to the reactor. The viscosity of the resulting reaction product was 252.3 ¢3¢
mm/s) at 100°C.

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

out and are summarized in Table 5.

[}
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20 homogenizer for 60-75 seconds to thoroughly mix the carbon black
with the fresh oil. The resulting test oil containing carbon black is then
degassed at 100C for 30 minutes. The viscosity of the oil containing
carbon black is measured according to methods that are well known in
the art. The percent viscosity increase is calculated according to the

following fosmhlacR 2K aiscosibyingrras T AMER o Asie NSk 4201

visobo: visatsityeof carbon black in oil visfo: viscosity of fresh oil 30 -55

Usingrdensoof thickeammgebencﬁw& , the percent viscosily fridfease
EXWEUI&F@EW the addﬁ?@féecomﬁérgia}w N OA&;%E?Exan@pws 5,0 and é@ﬁ%&a
.!ae_;n il was domared teeeiddrmulated oil thaHoestatgontain the

fbricating oil "addttive Hompbsition of the present ifU&htion. The folloding

additivezwe ren®hlended.a0 make an ada#ive packager. 0.8 wt% of a metal

Za\w nii&ﬁ"}n EI%PQDAnnnnz\-%znvirla [FataWila) ‘ A frieti 24.7
CUITO P‘{bA:“&l Hélﬁ/mherfﬁhleh\éd%h{iﬂgAluut'U" LI} .TEﬁBI’ paC.\ai@%d@.._ ‘.A.’tq/u f!’! flﬂﬁ

difiesr 00 2uartépaurnpeint depressant, 83.0 millimoles of a calcium -
base&%%tet?@ﬂé’ﬁrfeﬁg%ﬂi(%‘aé“ *° containing a phenate and a sulfonate, 22.0
millimoles zinc dithiophosphate, 5.0 parts per million foam inhibitor, and
6.6 wt% viscosity index improvetxihisclfsblended additive package was
added to a mixture of basestocks which consists of 67.0 wt% EHC60 oil,

wi% Exxopl50N. qil, and 24 wt%_ Exxon600N oil (all of which may be
gaorchéé(gem %fréo%ﬁéffgné 0 Rl orpo QEYE'H,X' éi?f‘é‘)’("?\?ﬁéﬁjﬁi'ﬂyeto provide the
compAratRa e FoiAGIEEDH INTEHPE pares the Yaileh (fanserrabiieeniiy oil
compositisr ofithe: presiekinirgrttionh approddtnatelsdkbs ind willty of the

additiveLRRROSIRRAIFXRMNINES Redkifnd 2L WAS IaR, Heated to the
formualgléﬁgncgfry arison %Il. l'%% results of the soot thlctl1<_en|ng bench test
are summarized im Tapie' 6.0 FHBREE: 'SUst TR BEA AT st

ﬁ@suiﬁét' the viscosity of a fresh oif is measured in centistokes. The fresh oil is
then treated with 10 wt% Raven 1040 carbon black, supplied by
Columbia Chemical Co., tc form a mixture containing approximately 5 grams
RRaven 1040 carbon black and 45 grams fresh oil (test oil). The test cil, which
contains carbon black, is then homogenized using a high speed tissue

20 homogenizer for 60-75 seconds to thoroughiy mix the carbon biack with the
fresh oil. The resuiting test oil centaining carbon black is then degassed at
100°C for 30 minutes. The viscosity of the oil containing carbon black is
measured acecording to methods that are well known in the art. The percent

viscosity increase is calculated according to the following formula:

25
% viscosity increase = {{visqpe - ViSe¥{(Vise) x 100]
ViSene: viscosity of carbon black in oil
Visi:  viscosity of fresh oil

30
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- 10

15

20

25

Example % Viscosity Increase Sample Description 5 57.5 Post Treated
Terpolymer reacted with NPPDA and polyoxyalkylene diamine 11 283.4
Post-treated PolyPIBSA polymer reacted with NPPDA and
polyoxyalkylene diamine 20 44.0 PIB/Maleic Anhydride Copolymer
reacted with NPPDA and polyoxyalkylene diamine Comparison > 350.0
t@o viscose to measure) No copolymer/NPPDA/ polyoxyalkylene diamine

PesdaRcaguiEcTRE Pé’é‘&%eéfmﬂéeé?ﬁ‘éfﬁ%wéﬁ%&ﬂ@ﬁr&%@éﬁ%lé%
tHat ﬂfhmqwmemtzmsposiﬂynlntf@a'éﬂammeﬂumwm ¢nail fadtdifized ol

compssitional s piessatinuntiansyas oneriian e Rercent viscosity

increase in a formulated oil that does not 2 ain rlcatl%g oil

aaélﬂ‘i"\)@68FﬁB%%’Fﬂ%h%ﬁ'ﬂﬁé?fﬁ%ﬂﬁYﬁ{}éﬁﬁoﬁhmw«wm@d@wﬁgm@to
"mawmmm}@%ﬁ”ﬁwﬁg@@ o e o e Ca RS
crease U 3509 is test in at the lubricating oil additive
I(:nomp03| fgnag @hprggéﬁ? e dér?l%% 368@8@}9&@%&%36@?%&" It is
uRdiatsterd shantaib dughimodifioatiorsicamd wasiaticae afiitep avkenton can
> b ARg Wihonsdenaying femdno 2B ithARG scone ol Al auch

limitations should be imposed as are indicated in the appen aims

R PPS TIANAED I eier BNk BIAuE upreatiNgrsipsdBRigrer. This
cmmmmmﬁw@éby e Process wmm@r@mmw&tm@m at

D DA BRI 25 et e
mREeiiHENdA ohehithated B3mordased from ExxonMobn Corporatlon,
Fairfax, Virginia) to provide the comparative oil formulation. To prepare the
formulated lubricating oil compaosition. of the present invention, approximatety
7.2 wt% of the additive composition of Examples 5, 11, and 20 was top

treated to the formulated comparison oil.

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

Table 6: Soot Thickening Bench Test Resuits
Exampie % Viscosity increase | Sample Description
5 57.5 Post Treated Terpolymer reacted with

NPPDA and polyoxyaliylene diamine

11 283.4 Post-treated PolyPIBSA polymer reacted
with NPPDA and polyoxyalkylene diamine

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

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

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

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




monocarboxylic acid or ester thereof, or C4-C26 dicarboxylic acid,
anhydride or ester thereof; 15 (b) at least one 1-olefin comprising 2 to 40
carbon atoms or at least one polyolefin comprising 4 to 360 carbon atoms
and having a terminal copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures 20 thereof; and (c) at least

onemeegwﬁqﬂerggwww 390oh imrisaRebMAHZRReNMI R BIRBAMEE
of (a) and (b) and is selected from the group consisting of: 25 (1) an alkyl

vinyREtHrSrRmpealiiinalNeREr SiHdRY BRE A RY @RS IpETsRYE Properties.

amino, dialkylamino or alkoxy substltuted or is unsubstituted, and

contamln t0,40 carbo atom an alkyl amine gnd an

Ay B0 S R gHG 2R TR BB GL P e dsyfetion can
amdtm‘ &méwm@mﬁeﬁi@mm-&mﬁ&mﬂm akhy|ssupstitierdafontainsutiio

40 c n atom n N-vin arboxaml of carboxylic acids af

5 cal DR D ) T L Bt R A B A e e
heterocyclic compound; and 10 (5) at least one 1-olefin comprising 2 to 40
carbon atoms or at least one polyolefin

-B7 -



comprising 4 to 360 carbon atoms and having a terminal copolymerizable
group in the form of a vinyl, vinylidene or 15 alkyl vinylidene group or
mixtures thereof, provided that the olefin employed is not the same as
the olefin employed in (i)(b); (ii) a copolymer obtained by reacting

co LH [ )/-\ [?(Pscompound(i)(b) in the presence of a free radical
inittatot:—(t ‘obtained by (a) reacting compound (i)(a) with
compound, (i)(h) or. ()(c).in a nen-free_radi lon. |

pre 'ence%% c%ﬂﬁ%?}%&%%frca;@%cﬁ%)@r%é%i) or o%%p%&eg%%} ggrﬁgggﬁg
copolymep(jcessopulymeririeebastaaitiothe non-free radical catalyzed

-reaction product of compound (i)(a) and compound (i)(b) or (i)(c); with 30
(B) at least one ether compound selected from the group consisting of an
ether poly&hiine 2 peistethergdhyafailtaviap 6BRNEPFino alcohol, a
polyether amino thiol, and a polyether polyol; and (C) at least one
aromatic amine selected from a group consisting of 35 o
N-arylphenylenefilaming, SraMHBEsHRE @B eshIn G aed@aifiRbrrpolymerization of

aminomercaptotriazole,C%W‘i'gg,p@,qi@ggﬁgp@;ggaryloxyphenyleneamine.
-59 2. The lubricating oil additive composition of claim 1, wherein in

10copolymer (iii)(b), said copolymer (i) or copolymer (i) or both are

contacted with the non-fige radicel-eatahzasbreastigRmarlolietaturated Co-Can
compound (i)(a) and compound (i)(b) or (i)(c) in the presence of 5 C
component (C). 3. The Iubricaﬁﬂ@%?ﬁ@%ﬁﬁ%%%&ﬁ%ﬁ%&%?%ngroq‘” 28

the preceding dicarboxylic acid, anhydride or ester thereof;

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

20 thereof; and

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

and is selected from the group consisting of:

25
(1 an alkyl vinyl ether and an allyl aikyl ether
where the alkyl group is hydroxyt, amino,
dialkyiamino or alkoxy substituted or is
unsubstituted, and containing 1 to 40 carbon
30 atoms;

(2)  an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or
dicarboxyiic acid of 3 to 10 carbon atoms

.58



claims, wherein the ether compound (B) is a polyether polyamine. 10 4.
The lubricating oil additive composition of claim 3, wherein the polyether
polyamine is a polyoxyalkylene diamine wherein each alkylene unit
individually contains from 2 to 5 carbon atoms. 5. The lubricating oil
additive composition of claim 4 wherein the 15.0 yalt%1 ety i
oxyethylene or oxypropylene, or mi%%%% ee?gg‘?. v &%ﬂ%ﬁ%@%&ﬁgiﬂ o
additive composition of claim 5 whetBiRafOpa@ther polyamine is
polyoxyethylene diamine. 20 7. The lubricating oil additive composition of
any one of the preceding cleins whgigin fa copakiRRsdS FeRARAAIHoids of
8. The lubricating oil additive comp siti%n of any one of claims 1to 6 25

> wherein the copolymer is copolyme% () Qafﬂgr\ll@ﬁﬂ%ng oil additive
composition of claim 8 wherein copolymer (ii) is polyPIBSA, obtained by
the free radical catalyzed re@q;yion &fn Navlﬂi@%ﬁbﬁtﬂﬂl@@lﬂdrogenucontaining
polyisobutylene. 10 10. The lubricat] i iti itiqn of any one
of claims 1 to 6 wherein the copoIy%g?ﬁécgfggglérsn@?%@%%%ﬂ?l. The
lubricating oil additive composition of claim 1 wherein the aromatic amine

10is N-arylphenylenediamine. %512. Thelkdwicatiad -cleddditvepssmpdsttion
of claim 11 wherein the N-arylphenyepg@iamingdss or at least one polyolefin
N-phenylphenylenediamine. 13. The Iubricating4oticl}§ %itivebcomposnion of

(D) o

any one of the preceding claims wﬁgrrgi%f@‘gﬂrgpoun %( (%EBF ? Eopolymer 0]
is polyisobutene 10 having a numbEPEVe Rt ARG @l ae Waighcanalyaierizable

2300. 14. The lubricating oil additiveyenmmpasitiofiopfasfyzonevbf thylidene or

lspreceding alky! vinylidene group or mixiures thereof,
provided that the olefin empioyed is not the
same as the olefin employed in (i}(b);
(i) a copolymer obtained by reacting compound (i)(a) and
20 compound(i)(b) in the presence of a free radical initiator,

(i)  a copolymer obtained by (a) reacting compound (i)(a)
with compound (i)(b) or (i)(c) in a non-free radicai
catalyzed reaction in the presence of copolymer (i) or

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

30 (B)  at least one ether compound selected from the group consisting
of an ether polyamine, a polyether polyamine, a polyether amino
aicohol, a polyether amino thiol, and a polyether polyol; and

(C)  atleast one aromatic amine selected from a group consisting of
35 N-arylphenylenediamine, aminocarbazole, aminc-indazolinone,
aminomercaptotriazole, aminoperimidine, and
aryloxyphenyleneamine.
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claims wherein (i)(a) is a dicarboxylic acid, anhydride or ester thereof. 15
15. The lubricating oil additive composition of claim 14 wherein wherein
()(a) is maleic anhydride or ester thereof. 16. The lubricating oil additive
composition of any one of the preceding claims wherein the monoolefin of
()(c) is a_1-olefin. 20.17. A lubricating Qi ositign. comprising a;major
a ountac‘#"é\%%h%cfa lﬂ%i%’é |§§ 1&%%gsgi?§gagrl%%m§rﬁcﬂgémoﬂn; of the
lubricatingopib setaktivii) (o mezositiopalyepar €l bypeoirssdEhenieath are
comprises Jadtng AN ANsarLana Bl IRuing capaliRERdl 8
copolymei-obtained by free radical copolymerization of components
comprisingur8octa)ditiléaseoncomraaiybiican s dukaaissnseet

. monocarhoxylic aci ester thereof, or a C4-C28 dicarboxylic acid,

. %%rx gt?eﬁ?wgr%bf; -61 (b) at least one 1-olefin comprising 2 to 40

L]

anhydride or ester t
carbon atoms or at least one polyolefin comprising 4 to 360 carbon atoms

and having,g {BEpinAl CORAAIEUE IR BERRIN dhadorsnebRMEyrdeeding
vinylidene or alkyl vinylidene group or mixtures_thereof; and (c) at least
one mondvss coRpEiMtNe/RLERSS COPBNIRERIBIE RAkakhe
of (a) and (b) 10 and is selected from the group consisting of: (1) an alkyl
vinyl ether and an allyl alkyl ether where the alkyl groyp is hydroxyl

10 amfho, di“éh@%ﬁﬁ@é}%ﬂtb@@ﬁ%&ﬁ%&%‘tm@f?% it ?Eﬁmﬁ‘e

containing,di@ther polyamine is a polyoxyalkylene diamine wherein each

alkylene unit individually contains from 2 to 5 carbon atoms.

5. The lubricating oil additive compossition of ciaim 4 wherein the
15 oxyalkylene moiety is oxyethylene or oxypropylene, or mixtures
thereof.
6. The lubricating oil additive compossition of claim § wherein the polyether

polyamine is polyoxyethylene diamine,

20
7. The lubricating oil additive composition of any one of the preceding
claims wherein the copolymer is copolymer (i).
8. The iubricating oil additive composition of any one of claims 110 6
25 wherein the copolymer is copolymer (ii}.
9. The iubricating oil additive composition of claim 8 wherein copolymer

(i) is polyPIBSA, obtained by the free radical catalyzed reaction of

maleic anhydride and polyisobutylene.

10.  The iubricating oil additive composition of any one of claims 1 to 6

wherein the copolymer is copolymer (iif).
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40 carbon atoms; (2) an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or 20 dicarboxylic acid of 3 to 10

carbon atoms where the alkyl substituent contains 1 to 40 carbon atoms;

(3) an N-vinylcarboxamide of carboxylic acids 25 of 1 to 8 carbon atoms;

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

30 (5) at least one 1-olefin comprising 2 to 40 carbon atoms or at least

one polyolfan toroatisingildetiil86@ carhpositioms bcdiratingarenrtiradromatic

copolymerizablei%rﬁu ir Hé%f?érrpegf %théyl -62 vinylidene or alkyl
v'inylideneaﬁ?&?p P ROres S(hereo%‘rf1 provided that the olefin employed is

not the same as the olefin employed in (i)(b); 5 (ii) a copolymer obtained
5By reacting C@Tﬂ%ﬂ%&‘%@%@ﬁb‘hi&%%‘?ﬂ BQQ?ZS )dp LS PIESERCE AR ?Pféee

radical initiator; (iif) a copolymer obtained by (a) reacting compound (i)(a)

10 with covpodipdgiisredideins ia Nophreyipdiogle cathpéttreaction in

the presence of copolymer (i) or copolymer (ii) or both; or by (b)

contacting copolymer (i) or copolymer (ii) or both with the non-free radical

catdlyzed Téactidvipatinaciciddisotpiagyeliemat any one of the preceding

claims wherein compound (i){(b) of copolymer (i) is polyisobutene

10 having a number average molecular weight (M) of 2300,

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

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

15 15.  The lubricating oil additive composition of ciaim 14 wherein wherein

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

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

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

20
17.  Alubricating oil composition comprising a major amount of an oil of

jubricating viscosity and a minor amount of the lubricating oil additive
composition prepared by the process which comprises reacting

25 (A)  atleast one of the following copolymers:

(i a copolymer obtained by free radical copolymerization of
componenis comprising:
30 (a)  atleast one monoethylenically unsaturated C3-Cog

monocarboxylic acid or ester thereof, or a C4-Caos

dicarboxylic acid, anhydride or ester thereof;
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15 compound (i)(b) or (i)(c); with (B) at least one ether compound selected

from the group consisting of an ether polyamine, a polyether polyamine, a

polyether amino alcohol, a polyether amino thiol, and a poiyether polyol;

and 20 (C) at least one aromatic amine selected from the group consisting

of N-arylphenylenediamine, aminocarbazole, amino-indazolinpne

aminomercaptotriazolg,gjgminSE)laeﬁ’r?ﬁ‘é)fr}%,?ai%E ANIERyPHER I%?\%aafgiﬁg.r
18. The lubricating oil additivestmomsposiideadtcdaep b oldierevniprising
copolymer (iii)(b), said copolym ré' r.copolymer (ii -
contacted with the non-free rad'd%a %ﬁ%?yz%ﬂ Fgg%c %O%Rér(?‘%g]cﬁ% terminal
compound (i)(a) and compourdgd bheritatdpignteppretentsarofof a vinyl,

. component (C). 30 19. The luhyicai [ iti e of clai

17 to 18, wherein the ether cgﬁ ()Hljgrg (ér‘;%@ ﬁ%&%%%¥§%ﬁe@%?@s
20, The lubricating oil composftigneof éaim 19, wherein the polyether
polyamine is a polyoxyalkylene diamine wherein each alkylene unit
individually contains from 2 to 5 carbon atoms. 5 21. The lubricating oil
composition of claim 2davheréihlggsioxyampensisfiviesmpasyetiehdsor
oxypropylene, or mixtures thegepf g ce I GaHINk Ol SARRAYIEINDTand (b)
any one of claims 17 to 19 wherein” the polyether polyamine is )

10polyoxyethylene diamine. 10 Z5\drigsRiBHEALiFgBItd BvEtkNSSHRG OF
one of claims 17 to 22 wherein the copolymer is copolymer (i). 24. The

lubricating oil composition of any one of claims 17 to 22 wherein 15 the
copolymer is copolymer (j). (" an alkyl vinyl ether and an allyl alkyl ether

where the alkyl group is hydroxyl, amino,

dialkylamino or alkoxy substituted or is
13 unsubstituted, and containing 1 to

40 carbon aioms;

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

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

40 carbon atoms:

(3)  an N-vinylcarboxamide of carboxylic acids

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

40 carbon atoms or at least one polyolefin
comprising 4 {o 360 carbon
atoms and having a terminal

copolymerizabie group in the form of a vinyl,
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25. The lubricating oil composition of claim 24 wherein copolymer (ii) is
polyPIBSA, obtained by the free radical catalyzed reaction of maleic
anhydride and polyisobutylene. 20 26. The lubricating oil composition of
any one of claims 17 to 22 wherein the copolymer is copolymer (iii). 25
27. The lubricating oil composition of claim 17 wherein the aromatic amine
is N-arylphenylenediamine. 28. The XiBMERE fl Hbvh Bt lair o7

wherein the ;p N-arylphenylenediamipgiis-dkrherdphanylengdiaming-olefin
29. The lubricating oil composition of any one of claims 17 to 28 wherein

compound (i)(b) of copolymer (i) is pSRABEY &SR HdhiR) Easeine olefin
average molecular weight (M") of 23@@spfA/88-id ighybricating oil
_composition of any one of claims 17 to 29 wherein (i)(a) is a dicarboxylic
“acid, anhydride or ester thereof. 5 31. The lubricating oil composition of

any one of claimgiil 7 to20spbRigisr vhated H(akiscieicapbyddde @) and
ester thereof. 32. The lubricating gil composition of any aone of claims 17 .
o 20 wherein he monGORPAINS I HERARPAC A SRe It mitator
making a lubricating oil additive composition comprises reacting (A) at
least one of the fcgll winl}? co‘;goil mers; 15 %) co%s)llymetr. obtained ber{aﬁ
radical copolyme htio 57D 85(%@*8 H‘%Pfél g:e(%s H9eaLrBRAnC U )
1dmonoethylenically unsawitatedr@3>@R8(i}(b) or {i){c) in a non-free radical
catalyzed reaction in the presence of copolymer (i} or
copolymer (ii) or both; or by (b) contacting copolymer (i)
or copolymer (ii) or both with the non-free radical
catalyzed reaction product of compound (i}(a) and
15 compound (i)(b} or (i){c); with

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

alcohol, a polyether amino thiol, and a poiyether polyol; and

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

aminomercaptotriazole, aminoperimidineg, and aryloxyphenyleneamine.

I~
LA

18.  The lubricating oil additive composition of claim 18, wherein in
copolymer (iii)(b), said copolymer (i) or copolymer (ii) or both are
contacted with the non-free radical catalyzed reaction product of

compound {i)(a) and compound (i){b) or (i)(c) in the presence of

component (C).

19.  The lubricating oil composition of any one of claims 17 to 18, wherein

the ether compound (B) is a poiyether polyamine.



20 monocarboxylic acid or ester thereof, or a C4-C28 di [ [

_ : - dicarboxylic acid,
anhydride or ester thereof; (b) at least one 1-olefin comprising 2yto 40
carbon atoms or at least one polyolefin 25 comprising 4 to 360 carbon
atoms and having a terminal copolymerizable group in the form of a vinyl

vinylideng, ar inyli FAMI SN B everafied

or%%5 mozﬁ%%e‘t?r!%_? Z%%ﬁ%)gugr?d%\%ﬁch isiégﬁogﬂ.ft?r‘l’gﬁltgﬁle wﬁnﬂhp EQ@?TWH?S.t
of (a) anacqboaraﬁwi§@%&t§m%h¥‘ﬁ{@g‘%®%r¥%is‘ﬂﬁ&‘o ; ?ﬁ)%@a%ﬁ%l bt
vinyl et e ol et 2eowhsecie adyigroup s hycroxy

aminq, _ lalkylamino or alkoxy substituted or is unsubstituted, and
containing 1 to 40 carbon atoms; 5 (2) an alkyl amine and an

N-glkylarmide phacapresindeniesiomsatinatedtvaneredy torcanyaliiene

acid of 3 to 10 carbon atoms where the alkyl substi ' t
10 cé ] 40
carbon atoWiISHL i @YENNSIS RarBORER ?gén(%‘gjrw’oxy %(? %@?(%?%?120 8

ﬁgig‘r)on at(l)_mS; (4) an N-vinyl substituted nitrogen-containing 15
C : : .
carbon gfg'ﬁ%c?gnﬁgg%'ﬁ&%m%% aéoszgalﬁl‘z’\t ok Sn]y' Qlefin comAISgE t@4therein

the polyether polyamine is polyoxyethytene diamine.

73 The lubricating oil composition of any one of ciaims 17 to 22 wherein

the copolymer is copolymer (i).

24 The lubricating oit composition of any one of claims 17 to 22 wherein

15 the copolymer is copolymer (iD).

2% The lubricating oil composition of claim 24 wherein copolymer (i) is

polyPIBSA, obtained by the free radical catalyzed reaction of maleic
anhydride and polyisobutylene.

20

56 The lubricating oil compaosition of any one of claims 17 to 22 wherein
the copolymer is copolymer (iii).
25
27.  The lubricating oil composition of claim 17 wherein the aromatic amine
is N-arylphenylenediamine.
58 The lubricating oit composition of claim 27 wherein the
30 ' N-arylphenylenediamine is N-phenylphenylenediamine.

29 The lubricating oil composition of any one of claims 17 to 28 wherein
compound (i)(b) of copolymer (i) is polyisobutene having & number

average molecular weight (Mr) of 2300.
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comprising 4 to 360 carbon 20 atoms and having a terminal
copolymerizable group in the form of a vinyl, vinylidene or alkyl vinylidene
group or mixtures thereof, provided that the olefin employed is not the

same as the olefin 25 employed in (i)(b); -66 (iii) a copolymer obtained by
reacting compound (i)(a) and compound(i)(b) in the presence of a free

radical initiator; (iii) a copolymer obtained by (a) reacting compound (i)(a) .
5 viith cofipe Uit DRI RCS HER-FERDALAF AL S FEER ntﬁm%ﬁ%gm‘”

presence(gggﬂgogymrswlﬁommm@hgariaemt@sm kyeflebEontacting
copolymer (i) or copolymer (ii) or both with the non-free radical catalyzed

reaction product of compound (i)(a) and compound éi)gb). or (i)%c); 10 with
5 (B)at leagtrankeieticaticgmibocompseltetedi sy dhe §ictRImsnsising® sfRgen

ether po'%ﬂl&%n?jﬂ%&@%i@@'mm Relxsibefmiae alcohol, a
0l,

polyether amino thiol, and a polyether polyol; and 15 (C) at least one
aromatic amine selected from the group consisting of

N-agylphemylengstiaating cininogaditanlef amjiroyvndbaalimers] to 29 wherein

aminomergcaptotriazole, aminoperimi i_r?:g ARd aryloxyphenyleneamine. 20

34. The mt 8P g(l?g(i?frﬁ §g,l E)ege%c!n c%po'lymer (ii))(b), said copolymer
10(i) or copolymer (ii) or both are contacted with the non-free radical

catafyzed feantiaRprIdHskipbcamBadatH (@) andidammonpdsifiyibromprises
()(c) in the presence of component (C). 25 35. A method of improving
soot dispefe8AYYn an internal combustion

(A)  at least one of the following copolymers:
15
(i) a copolymer obtained by free radical copolymerization of
components comprising:

{(a) at least one monoethylenically unsaturated CsCus
20 monocarboxylic acid or ester therecf, or a C4-Cog
dicarboxylic acid, anhydride or ester thereof;

(by  atleast one 1-olefin comprising 2 to
40 carbon atoms or at least one polyolefin
25 comprising 4 to 360 carbon atoms and
having a terminal copolymerizabie group in the
form of a vinyl, vinyiidene or alkyl vinylidene group
or mixtures thereof;, and

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

and is selected from the group consisting of:

(1) an alkyl vinyl ether and an ally! alkyl ether

(W)
Ch

where the alkyl group is hydroxyl, amino,
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engine which comprises operating the engine with the lubricating olil
composition comprising a major amount of oil of lubricating viscosity and
an effective amount of the lubricating oil additive composition of claim 1.

30 -67

10

{2)

(4)

(5)

dialkylamino or alkoxy substituted or is
unsubstituted, and containing 1 o 40

carbon atoms;

an alkyl amine and an N-alkylamide of a
monecethylenicaily unsaturated mono- or
dicarboxylic acid of 3 to 10 carbon atoms
where the alkyl substituent contains 1 fo

40 carbon atoms;

an N-vinylcarboxamide of carboxylic acids

of 11to 8 carbon atoms;

an N-viny! substituted nitrogen-containing

heterocyclic compound; and

at least one 1-olefin comprising 2 to

40 carbon atoms or at least one polyoiefin
comprising 4 fo 360 carbon

atoms and having a {erminal
copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or
mixtures thereof, provided that the olefin
employed is not the same as the olefin

employed in (i)(b);
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10

15

20

(i}  a copeclymer obtained by reaciing compound (i)(a) and

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

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

product of compound (i}(a) and compound (i}(b) or (})(c);
with

(B)  atleast one ether compound selected from the group consisting

of an ether polyamine, a polyether polyamine, a polyether amino

alcohol, a polyether amino thiol, and a polyether polyol; and

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

aminomercaptotriazole, aminoperimidine, and aryloxyphenyleneamine.

34.  The method of claim 33, wherein in copolymer (iii)(b), said
copolymer (i) or copolymer (ii} or both are contacted with the non-free
radical catalyzed reaction product of compound (i){(a) and compound

(iY(b) or (H{c) in the presencé of component (C).

35. 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 oii additive composition of

ciaim 1.
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