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 usedyheREing,@ls; and it is also directed to the process of making she sape,BAGKGROUND
OF THE INVENTION It is known to employ nitrogen containing dispersants and/or detergents in the
10 formulation of lubricating oil compositions. Many of the known dispersant/detergent compounds are
based on the reaction of an alkenylsuccinic acid or anhydride with an amine or polyamine to produce
an alkenylsuccinimide or an alkenyl succinamic acid as determined by selected conditions of reaction.

One problem facing the Iubricamm@gmigﬂjmmg ebpariissteiemnatter in internal
combustion engines. 15Failure to ’@éﬁ Wrsancy may result in filter
plugging, sludge accumulation, and% thic %krﬁ% Bglég #%ﬁ% E RELATED ART Liu et al.,
U.S. Patent No. 6,117,825, discloses a lubricating oil composition that 10 comprises a major amount of
an oil of lubricating viscosity; and a minor BifidyoF afHESNEINBIGNcombination of an
antioxidant-dispersant RditiveRngoa gl&p@c@@f&tmm %&a&q&&@mmtm&mm&%(l) a
polyisobutylene succmlmlde P1BSAD nd Tgls) gn et 4 ql\ér%géllep Fg(uocmlmlde (LEPSAD).
25Nalesnik, U.S. PAtEHNb B 158 élléc TSI L G ESTH PRI 45 fsing an oxidized
ethylene copolymer or terpolymer of a C3 C10 alpha-monoolefin and, optionally, a non-conjugated
diene or trienc which has been reactegagica donnmisieivdencompaosd and with an amino-aromatic

polyamine compousid, BAGHWGASS Ahebl EAIEALNG G2 A58 FRrlases 3 gpolymer obtained by

free radical copolymerlzatlon of a least one monoet enlcag/ unsaturated C4. C6d|carboxyllc acid or

anhydride thereof, SBREBRAEE 'AriFBe PHSABBIRYRIMIRY Ghlsdhaed SBRTAU(isE80nther et al.,
U.S Patent No. 6,2841%p8ndistsibswed onlthoriestinmoddrcdhappsitcnicendon sirgdsidalwidant oil and a

copolymer obtaineduidrag sadiaakeopRldmeszation alahlassd ane mernsthvienicallydnsaturated
C4-C6 dlcarboxyllcagggc(%%g@gg Qggcted conditions of reaction. One problem facing the lubricant

manufacturer is dispersancy of particulate matter in internal combustion engines.

15 Failure to have adequate particulate matter dispersancy may result in filter plugging,

sludge accumulation, and oil thickening.

DESCRIPTION OF THE RELATED ART
Liuetal, U.S. Patent No. 6,117,825, discloses a lubricating oil composition that
20 comprises 2 major amount of an oil of lubricating viscosity; and a minor amount of a
synergistic combination of an antioxidant-dispersant additive and a dispersant
additive, said combination comprising: (i) a polyisobutyiene succinimide (PIBSAD)
and (ii) an ethylene-propylene succinimide (LEPSAD). 7

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

formaldehyde compound and with an amino-aromatic polyamine compound.

30 Gonther etal,, U.S Paient No. 6,512,055, discloses a copolymer obtained by
| free radical copolymerization of at least one monoethylenically unsaturated
Ca.-Ce dicarboxylic acid or anhydride thereof, an oligomer, and one
monoethylenically unsaturated compound.

1.



5thereof, an oligorner, and one monoethylenically unsaturated compound, wherein the copolymer is
further reacted with an amine. Harrison et al., U.S. Patent No. 5,792,729, discloses a dispersant

tetpolymer ang frlysisesinimide compositions derived from the terpolymesse1/ig:iaspakiaier 10is
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 oil additive composition that is the reaction product of 0) a copolymerized olefin
and unsaturated carboxylic 15acylating agent monomer with a free radical initiator and (ii) a
succinimide prepared from an acyclic hydrocarbyl substituted succinic acylating agent and a

polyamine Whereiné%ﬁtﬁefq(%wmpﬁtiwae_f_%@ap&iaiigexageéaﬁm@mguﬁcema{ﬁ,ﬂ by reacting a
polyolefin and an acylating a%fnt‘unde_r conditions such that %t Ifast 5 mole % of the starting
c

polyolefin is converfSBRES PR HRIIE B 1S AFOREYRET SRS Y SRR GRAAEEAM%0n et al., U.S.
Patent No. 6,451,920atdbss| oxesemsgtiyansi 2 satpolyafketedimtberyinpsid orantdbdidic reagent,
followed by reastinghawyruaraaciack Raly atkenadithidhieansatraied estidirepgratiaiirlevated

temperatures in thecplgﬁggpg Rl ASIoRd AL, 23.Ghung et al., U.S. Patent Nos. 5,427,702 and
5,744,429, disclose a mixture of derivatized ethylene-alpha olefin copolymers, wherein functional

groups are grafted onto the copolymer. The functionalized copolymer is mixed with at least one of an
amine, alcohol, inclHdingpalyal Udinfaerallohol 8462 2odieriesenalishersetivagbliseosity 30index improver

additive componentsqBapiseimsitia cbhbshateatiVe: okl 2oRhotisclosas paya)sapolymers of
unsaturated aqi&iic reabc‘i%antds ar}d hi%}cmolecplar Weight lefins WhteI;Fin‘ t least 20% of the total high
[ e

iS5 ined by tree al Copo. erzantn ol an uns cU gcidic reagent, 8
molecular weight oléfin comp?flses? a]Iky’Ijvng idane isomer which copolym S are useful as

dispersants in lubridziFferons and Rierssaitrhrieimayparesacr e piesardipbipsiateinimides and other
post-treated additives useful in lubricating oils and fuels. SHarrison et al., U.S. Patent No. 6,358,892

discloses a succinimgjgle.CRMPYSHIA: No. 5,670,462, discloses a lubricating oil additive composition

that is the reaction product of (i) a copolymerized olefin and unsaturated carboxylic

15 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
polyolefin and an acylating agent under conditions such that at least 75 mole % of the
starting polyolefin is converted to the hydrocarbyl-substituted succinic acylating

20 agent. ‘

Harrison et al., U.S. Patent No. 6,451,920, discloses copolymerizing a polyalkene and
an unsaturated acidic reagent, followed by reacting any unreacted polyalkene with the
unsaturated acidic reagent at elevated temperatures in the presence of a strong acid.

25
Chunpg et al,, U.S. Patent Nos. 5,’427,702 and 5,744,429, disclose a mixture of
derivatized cthylene-alpha olefin copolymers, wherein functional groups are grafied
onto the copolymer. The functioﬁa!izcd copolymer is mixed with at least one of an
amine, alcohol, including pelyol, amino alcohol ete. to form multi-functional viscosity

30  index improver additive components.

Harrison et al., U.S. Patent No. 5,112,307, discloses novel copolymers of unsaturated
acidic reactants and high molecular weight olefins wherein ai least 20% of the total
7.



Harrison et al., U.S. Patent No. 6,451,920 discloses a process of making polysuccinimides.
10Harrison, U.S. Patent No. 5,849,676 discloses a succinimide. Harrison, U.S. Patent No. discloses a

haze-free pogt-tRatad,syccinimide.  Frank et al.,, U.S. Patent No. 3,287%:24A;8i56da568a novel
lubricating oil composition 15containing a combined detergent-corrosion inhibitor. Le Suer U.S. Patent

No. 3,374,174 discloses nitrogen containing compositions obtained from the reaction of an amine with
a high molecular weight carboxylic acid such as a monocarboxylic acid and alkylene or arylene
dicarboxylic. 20 Liston U.S. Patent No. 3,692,681 discloses a terephthalic acid dispersed in a

hydrocarbon mediumgﬁ@ra,ua&mﬂg»«laighlwmnd&&@ﬁﬁ@ﬁl@@@mkylﬁe@:mhya«rmmemopm;&uégnd etal. U.S.

Patent No. 4,747,964 e r IV, S. Patent No.
6,255,258 dlscloseg’r aﬁ&%ﬁ]@% ?J?ls) |sp2$r18a§r?tag (t)ﬂeijgoo et a gE{%SA{H eg]%%sé’é x%fgdlscloses a

method of lubricatirf ﬁ?é?ﬁ‘fﬁﬁf@&? Herehasgahitr et "ﬁ‘ﬁ%‘iﬁ’dﬂé@ﬂ?@%@é&@ fabAEiing oil additives.

SUMMARY In its broadest embodiment, the present disclosure is directed to a post-treated polymeric

dispersant preparedihy; Q- PIOGS SS IGARINIS B skeReting okl G RAsinHAlnG. Ag&M selected from a cyclic
carbonate, a linear mono-carbonate, a linear poly-carbonate, an aromatic polycarboxylic acid, an

aromatic polycarboxylic anhydride or an aromatic polycarboxylic acid ester and (11) a lubricating oil
additive compositioR 5rEpBrert- By ThBa|sib &K' & LM itTP PeroBREE IR AMRkdRE one of the following

copolymers: (1)a coptlymériabiained by free radical copolymerization of components comprising:
10 Harrison, U.S. Patent No. 5,849,676 discloses a succinimide.
Harrison, U.S. Patent No. discloses a haze-free posi-treated succinimide.

Frank et al., U.S. Patent No. 3,287,271 discloses a nove} lubricating oil compesition

IS containing a combined detergent-corrosion inhibitor,

Le Suer U.S. Patent No. 3,374,174 discloses nitrogen containing compositions
obtained from the reaction of an amine with a high molecular weight carboxylic acid
such as a monocarboxylic acid and alkylene or arylene dicarboxylic.

20 )
Liston U.S. Patent No. 3,692,681 discloses a terephthalic acid dispersed in a

hydrocarbon medium containing highly hindered acylated alkylene polyamines.

Durand et al. U.S, Patent No. 4,747,964 discloses a new dispersing additive
25  composition,
Clark et al, U.S. Patent No. 6,255,258 discloses an oil-soluble dispersant.

Scattergood et al. EPA No. 0438848A1 discloses 2 method of lubricating mechanical
parts. l

30
Michio et al., JP51130408 discloses lubricating oil additives.



(a) at least one monoethylenically unsaturated C;,. to C2g monocarboxylic acid or ester thereof, or C4
to Cr dicarboxylic acid, anhydride or ester thereof; (b) at least one 1-olefin comprising 2 to 40 carbon
atoms or at least one polyolefm comprising 4 to 360 carbon atoms and haying a terminal
copolymerizable group in the form of a vinyl, vinyiidene or alkyl vinylidene group or mixtures thereof;
and (c) at least one monoolefin compound which is copolymerizable with the monomers of (a) and (b)
and is selected from the group consisting of: (1) an alkyl vinyl ether and an allyl alkyl ether where the
alkyl group is hydroxyl, amino, dialkylamino or alkoxy substituted or is unsubstituted, and containing
from 1 to 40 carbon atoms; (2) an alkyl amine and agU¥4alkagamide of a monoethylenically
unsaturated m0no‘Iﬂt%@%@%@M@o%ﬁl&?%@%s@n&%&&%@{ an;alg gg%vghgggntggeglkyl substituent
contains from | to 40 carbon atoms; ‘atoms; “(4) an N=vinyl su stltuted-»rﬁtfogen-—cont—aining- heterocyclic
compound; and (SPHUYTREAS ISR STIbREFATED RipHE MG St G UTPHERSSFE R BPatiBeaiEdne polyolefin
comprising 4 to 36Qyearbasaiaros angiadngateeneal mopotimerizablengiopgyn the form of a vinyl,
vinylidene or alky! URER0G QMR 0pEVENES MalRolIRHRT AL AleUipialayed 1s not the

same as the olefin employed in (i)(b); é(|| a copolymer obtained by reacting compound (i)(a) and
compound(i)(b) in YRR oF WA PRiESFIARMES? R S sl ofidl s 5emmed sy (a) reacting
compound W(a) wittegamigoude(drdsy ermid(cinprearion-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 reactian product of compound (i)(a) and compound (i)(b) or (i)(c);
with (B) at least ofl(gl)etheaﬂ%%noﬁlgﬁ%c%%gﬁggo?ggﬁ%ﬂrséacted with at least two monocarboxylic acids
or esters thereof, or with at least two dicarboxylic adds, anhydrides or esters thereof, or mixtures

thereof; (C) at leastne aliphatic-cotnpedng having-at deasihan-floctonahgiangs, wherein one of the
functional groups is.ga; .of reacting with at least one monocarboxylic acid or ester thereof, or
dicarboxylic acid, anhydride or ester thereof and wherein another functional group is capable of
reacting with at least one post-treating agent. In one embodiment, the present disclosure is directed to
a lubricating oil conpositmteed mprsivryaypiod amountoE 4 oiCof hebriesbing scrisity and a minor

amount of a post-treatesipelymetic.disparaanipreparcshythe Bracesswhich comprises reacting (1) a
post-treating agent selected from a cyclic carbonate, a linear mono-carbonate, a linear

poly-carbonate, an aromatic polycarboxylie acid or an aromatic polycarboxylic anhydride or an
aromatic polycarbo®ylic aéfdeessiare aridelin)canuprieatriy Yicadeitersompydsitioneprepared by the
process comprisingsBatiinGomprising 4 to 360 carbon atoms and having a terminal

copolymerizable group in the form of a vinyl, vinylidene or alky! vinylidene group or

mixtures thereef; and

{c) at Jeast one monoolefin compound which is copolymerizable with the

monomers of (a) and (b} and is selected from the group consisting oft

(1Y analkyl viny! ether and an ally! aliyl ether where the alkyl group is hydroxyl,
amino, dialkylamino or alkoxy substituted or is unsubstituted, and containing from

i to 40 carbon atoms;

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

substituent contains from 1 to 40 carbon atoms;



(A)at least one of the following copolymers: (Oa copolymer obtained by free radical copolymerization of
components comprising; (a) at least one monoethylenically unsaturated C3-C2t monocarboxylic acid
or ester thereof, or 04-C25 dicarboxylic acid, anhydride or ester thereof; (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 thereof; and (0) at least one monoolefin compound which is copolymerizable with the
monomers of (a) and (b) and is selected from the group consisting of; (-Oan alkyl vinyl ether and an
allyl alkyl ether wheke the alkgrinapisdnydeatyhrarmyhoadiblkd/famihodreatkoxy substituted or is
urtsubstituted, and ggptaining from 1 to 40 carbon atoms; (2)an alkyl amine and an N-alkylamicle of a
monoethylenically unsaturated mono- or dicarboxylic acid of from 3 to 10 carbon atoms where the
alkyl substituent contains from 1 to 40 carbon atoms; (3) an N-vmylcarboxamide of carboxylic acids of
from 1 to 8 carbon &toms;aUY-aimNsvhnitusedrstingeed mittogerhgerntainingemetendeyelic compound; and
(5) 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 termina\[_gggglymerizab (9%%15 in the form o{ a ving/l, vinylidene or alkyl

vinylidene group or MixturSsHeraor, ProvidST AL hE olefin ShipiByeHds Botfie same as the olefin

employed in (i)(1)) P¢lidedapoprisrobtaitéo- ) rezennarddmpuLaigniita) and =

copolymerizable group in the form of 2 vinyl, vinylidene or alkyl vinylidene group or
mixtures thereof, provided that the olefin employed is not the same as the olefin
employed in (){b);

(i) = copolymer obtained by reacting compound (i)(2) and compound(i)(b) in the

presence of a free radical initiator,

(iif) = copolymer obtained by {a) reacting compound (i)(a) with compound (i}{b) or
{i¥(c) in a non-free radical catalyzed reaction in the presence of copolymer (i) or
copalymer (ii) or both; or by (b).contacting copoiymer (i) or copolymer (if) or both
with the non-free radical catalyzed reaction product of compound (i}{(a} and

compound (i)¥{b)} or {i)(c); with

{BY  atleast one ether compound capable of being reacted with at least two
monocarboxylic acids or esters thereof, or with at least two dicarboxylic acids,

anhydrides or esters thereof, or mixtures thereof;

(C)  atleast one aliphatic compound having at |east two functional groups, wherein
“one of the functional groups is capable of reacting with at least one monocarboxylic
acid or ester thereof, or dicarboxyiic acid, anhvdride or ester thereof and wherein

another functional group is capabie of reacting with at least one post-treating agent.

In one-embodiment, the present disclosure is directed to 2 lubricating oil composition
comprising a major amount of an oil of lubricating viscosity and 2 minor amount of a
post-treated polymeric dispersant prepared by the process which comprises reacting
(1) a post-ireating agent selected from a cyclic carbonate, & linear mono-carbonate, a

-5-



compound(i)(b) in the presence of a free radical initiator; (in)a copolymer obtained by (a) reacting
compound (1)(a) with compound (i)(b) or (i)(c) in a non-free radical catalyzed reaction in the presence
of copolymer (i) or copolymer (ii) or both; or by (b) contacting copolymer (i) or copolymer (ii) or both
with.the non-free radical catalyzed reaction product of compound (i)(a) and compound (i)(b) or (i)(c);
with (B) at least one ether compound capable of being reacted with at least two monocarboxylic acids
or esters thereof, or with at least two dicarboxylic acids, anhydrides or esters thereof, or mixtures
thereof; (C) at least one aliphatic compound having at least two functional groups, wherein one of the
functional groups isieepable afreacting avitieét peigstrdme/ivcnBoarboxytiaiagichenestgtithereof, or
dicarboxylic acid, aphydrige,oresterdheraoland whergin.anofherfungtional aipup.is wapable of

reacting with at least one_gost-t‘[eatm agent. In one embodiment, the present disclosure is directed to
a method of making® %@ét@ﬂcﬁ&m%?ﬁgcﬁféﬁ%@é‘ﬁ‘f‘&éfﬁb‘ﬁﬁng reacting (1) a post-treating agent

selected from a cyclic carbonate, a linear mono-carbonate, a linear poly-carbonate, an aromatic

polycarboxylic acid or an gfpmatieRobycarbexviic.anhysiide.eian aromatic polycarboxylic acid ester
and (1) a lubricating oil additive composition which comprises reacting (A)at least one of the following

copolymers: (i)a copolymer obtained by free radical copolymerization of components comprising: (a) at
least one monoethylenically un§aturatédrePHEOBRHSH CATBEMHEH CRPYBSIEIPRIEOf, Or a C4-C25
dicarboxylic acid, anhydride or ester theigoEn{b}aigasst: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 thereof; and (c)at least

one monoolefin compound which is cBpolyFIeFF=BI8 TRATAL SHBHERETR) and (b) and is selected
from the group consisting of: an alkyl vinyl éthex medoar tatiplialkeyt ettrerevibrerel the alkyl group is

hydroxyl, amino, dialkylamirto or alkoxy sulstitiyfe@sds,unsubsiittieskandcontaining from 1 to 40
carbon atoms; (2) an alkyl amine and an N-alkylamide of a monoethylenically unsaturated mono- or

dicarboxylic acid of from 3 to 10 carbon atoms where the alkyl substituent contains from 1 to 40 carbon
atoms: (3) an N-vinylcarboxamide of E8rbosyesierfs SHrBFPTRESBEAB 4R %HBMs;

atoms or at least one polyolefin comprising 4 to
360 carbon aloms and having 2 terminal
copolymerizable group in the form of 2 vinyl,
vinylidene or ally] vinylidene group or mixtures

thereof; and

{c)  at least one monoolelin compound which i3
copoiymerizable with the monomers of (&) and {b) and is

sclecied from the group consisting of:

{1}  an alkyl vigyi ether and an ally! alkyi ether where
the alky! group is hydroxyl, amino, dialkylamino
or éfkoxy substituted or is unsubstituted, and
containing from 1 to 40 carbon

atoms;

{2)  an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mone- or
dicarboxylic acid of from 3 to

-6-



(4) an N-vinyl substituted nitrogen-containing heterocyclic compound; and (5) at least one 1-olefin
comprising 2 to 40 carbon atoms or at least one polyolefm 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 thereof, provided that the olefin employed is not the same as the olefin employed in (i)(b);
(iia copolymer obtained by reacting compound (i)(a) and compound(i)(b) in the presence of a free
radical initiator, (iii)a copolymer obtained by (a) reacting compound (i)(a) with compound (0(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 (i) or bbteritratbesoretr e eidicabsivatyzed reaction
product of compound (i)(a) and compound (i)(b)er £} )i-with (Bjatleast.ane ether compound capable
of being reacted with at least two monocarboxylic acids or esters thereof, or with at least two
dicarboxylic acids, anhydrides or esters thereof, or mixtures thereof; (C)at least one. aliphatic
compound having at least two functional gFdupsrih¥reireebrx BTt faremsiialgitnds is capable of
reacting with at least one monocarboxylic acid grsgster theseef, asslicarboxylic acid, anhydride or ester
thereof and wherein another functional gioup is capable of reacting with at least one post-treating
agent. Accordingly, the present disclosure relates to multi-functiopal lubricating .oil additives which are
useful as dispersants in an internal combu&tion BAgIHEY TEHESHRSE EPRE (PR M e post-treated, have
demonstrated improved dispersancy over dispersartsraitictriravedngtdbeen post-treated. DETAILED
DESCRIPTION OF THE INVENTION While the invention is susceptible to various modifications and

alternative forms, specific embodiments ﬂ}%e_()f_a@ﬁ‘%s%%é"ﬁ%@éﬂndc%ﬁ{ﬁj@ﬁ% ir}odﬁgggbgnshould be

understood, however, That the description herein of specific embodiments is not intended to limit the
invention to the particular forms disclosed, but ofi¥R& Ehtrary et GRrEty sty all

modifications, equivalents, and alternatives fallirkgOnistiioetivenspirit and scope or the invention as

defined by the appended claims. Definitions The, following terms.tsediwitkihg.deserigtion are defined

as such: . . o .
the form of a vinyl, vinylidene or alkcyl vinylidene

SIOUp OF inixturesthereof, provided that the olefin

employed is not the same as the olefin employed

in (1)(t);

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

compound{i){b}.in the presence of a free redizal initator;

(iii) @ copplymer obtained by (2} reacting compound {i)(&) with
compound {i}(b) or (i){c) in & non-free radical catalyzed
reastion in the presence of copolymer (i) or copolymer (i) or
both; or by {b) contacting copolyrner (i) or copolymer (ii) or
both with the non-free radical catalyzed reaction produet of

compound {i){a) and compound {IXb) or (i){c); with

(B} at least one ether compound capatle of being reacied with at least
two monocarboxyiic acids or esters thereof, or with at least two
dicarboxylic acids, anhydrides or esters thereof, or mixtures

thereof:



- The term "NB" is an abbreviation for polyisobutene. The term "PIBSA" is an abbreviation for
polyisobutenyl or polyisobutyl succinic anhydride. 5 The term "polyPIBSA" refers to a class of
copolymers employed within the scope of the present invention which are copolymers of polyisobutene
and a monoethylenically unsaturated Cy-Cu monocarboxylic acid or ester thereof, or a C4-C28
dicarboxylie acid, anhydride or ester thereof Nwhich have carboxyl groups, preferably succinic
10groups, and polyisobutyl groups. The preferred polyPIBSA is a copolymer of polyisobutene and
maleic anhydride having the general formula: R2 C C R1 Rs I7 wherein n is one or greater; Ri, R2,
R3 and R4 are selected from hydragess; snetliyhand-poppisabiutyihh aving atddastiabdut 8 carbon atoms,

preferably at least about 30 carbop daatoresand-aene RigifRR Ik Alleasiahpulr 30 gapbon atoms
wherein either Rl and R2 are hydrogigt%rilg one of R3 gonle4 is, methyl and }he other is polyisobutyl,

or R3 and R4 are hydrogen and ori¢ lyisf ’ﬂcﬁnf’s:%eﬁ’(y’lcaaﬁ'g & SHATI bBlyisobutyl. The
polyPIBSA copolymer may be altefisartatylisieeik, Drvanidom =g thsabard wheogirieotesup” refers to a
group having the formula: 0 H W -Guécfidral group is capable of reacting with at least one post-

treating agent.

In one embodiment, the present disclosure is directed to a method of making a post-
treated polymeric dispersant comprising reacting (I} a post-treating agent selected
from 2 cyclic carbonate, & linear mono-carbonate, & linear paty-carbonate, an aromatic
polycarboxylic acid or an aromatic polycarboxylic anhydride or an aromatic
polycarboxylic acid ester and (II) e lubricating oil additive composition which

comprises reacting
{A)  atless! one of the following copolymers:

(i) & copolymer obtained by free radical copolymerization of

COmMpoRents comprising:

{a) at least one monoethylenically unsaturated
C3-Coyy monocarboxylic acid or ester thereof, or a

Ca-Cog dicarboxylic acid, anhyd;idc.or ester thereof:

(b}  atleast one 1-olefin comprising 2 to 40 carbon
atoms or at least one polyolefin comprising
4 1o 350 carbon atoms and having & tenminal
copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures

thereof: and



0 wherein W and Z are independently selected from the group consisting of --OH, --Cl, --0--alkyl or
taken together are -0-- to form a succinic anhydride group. The term "-- 0-alkyl" is meant to include
alkoxy of from about | to about 40 carbon atoms, preferably from about Ito about 8 carbon atoms.

The term "degree of polymerization" refers to the average number of repeating 5structural units in the
polymer chain. The term "terpolymer" refers to a polymer derived from the free radical
copolymerization of at least 3 monomers. 10The term "1-olefin" refers to a monounsaturated olefin that
has the double bond in the 1-position. They can also be called alpha-olefins, and have the following
structure: CH2= CHR where R is the(tgst oft thestaletimamieduleordfpihewaieh 181, 1-disubstituted olefin®
refers to a disubstituted olefin, also called @Dw%gqg%]g@mtgp%n@gégg@%mg sigucture: CH2=
CR5 R6 wherein Rs and R6 are the same or djfferent, and constitute the rest of the olefin molecule.
Preferably, either R5 or R6 is a methyl grotig SRathe bifef AP It & term "succinimide” is
understood in the art to include many of the amide, imide, etc. species which are also formed by the
reaction of a suceinic anhydride with an amine. Bhepyedaminrntriadutly Reweyef, is succinimide and
this term has been generally accepted as mea””&%@ﬁrl%ﬂ%igﬁd of ar 9?ctloq g}‘n an alkenyl- or alkyl-

25substituted succinic acid or anhydride with an amine. Alken I OF alkyl sutcinimides

dialkylamino or alkoxy substituted or is
unsubstituted, and containing from 1 to 40 carbon

atoms;

(2}  an alky! amine and an Nealkylamide of a
| monoethylenically unsaturaied mono- or
dicarboxylic acid of from 3 to
10 carbon atoms where the alkyl substituent

contains from 1 to 40 carbon atoms;

{3)  an N-vinylesrboxamide of carboxylic acids of

from 1 o 8 carbon atoms;

—
N
ATy

an N-viny! sobstituied nitrogen-containing

heterocyclic compound; and

(5)  atleast one l-oiefin 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 2 vinyl, vinylidene or alkyl
vinylidene group or mixtures thereo!, provided
that the olefin employed is not the same as the

olefin employed in (i)}(b};

(iiiy & copolymer obtained by reacting compound (i)a) and
compound{i)(b) in the presence of a free radical initiator:

.9.



are disclosed in numerous references and are well known in the art. Certain fundamental types of
suceinimides and related materials encompassed by the term of art "succinimide" are taught in U.S.
Patent Nos. 2,992,708; 3,018,291, 3,024,237; 3,100,673; 3,219,666; 3,172,892; and 3,272,746, the
disclosures of which are hereby 30incorporated by reference. The term "polysuccinimide” refers to the
reaction product of a succinic group-containing copolymer with an amine. - 12 - The term "alkenyl or
alkylsuccinic acid derivative" refers to a structure having the formula: 0 5wherein R7 is selected from
hydrogen, methyl and polyisobutyl having at least about 8 carbon atoms, preferably at least about 30
carbon atoms and more preferably at least about 50 carbon atoms; wherein L and M are

independently selected from thg; ro%%mggg&q}-c@gl,@@&aégﬂ ke ke, iQagther are -0-- to
form an alkenyl or alkylsuccinicﬁé%hydri e?k%H) : 1OBTh$1_term "arll‘%/lvingliden ! or "alkylvinylidene
isomer" refers to an olefin having the 18 ﬁmﬁﬁﬁ'&% @%t’?ﬁ%’tur%f‘ﬁ%@c **%\wherein Rgq is alkyl or
substituted alkyl. Rg generally has atrteetsnap8utrs-earb shcBaitorms| i breterabiyealbber 30 carbon

atoms, and more preferably at least aeytpd taheRaasRRtRjSlewsralkyknbirom about 1.to

about 6 carbon atoms. The term "S(?!)L(Ipe Lntklx%‘tr?&q?tig'%ﬁ%_rc%(%r)%&tc@%i bility, of a.material to

dissolve in aliphatic and aromatic hy roce‘frlﬁ)ons such as lubricating olls or PLfers In essentially all
20proportions. The term "high molecGPRRAEIGHIBIBHHLTRIEr (B(BISTIRY Untitiding polymerized olefins
having a residual unsaturation) of sufficient molecular weight and chain length to lend solubility in

lubricating oil to their rea@ﬁipn q@@&gp@@y@%%i&%@%@m ahouk Icanbang.ar more suffice.
monocarboxylic acids or esters thereaf, or with at least two
dicarboxyviic acids, anhydrides or esters thergof, or mixtures thereof;
{C) alleast one aliphatic compound having at least two functional groupé, wherein
one of the functional groups is capablie of reacting with at least one monocarboxylic
acid or ester thereof, or dicarboxylic acid, anhydride or ester thercof and wherein

another functional group is capable of reacting with at least one post-ireating agent.

Accordingly, the present disclosure relates to multi-functional lubricating oil additives
which are useful as dispersants in an internal combustion engine. The dispersants,
which are post-treated, have demonstrated improved dispersancy over dispersants

which have not been post-treated.

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 shouid be
undersicod, however, that the description herein of specific embodiments is not
intended to limit the invention to the particular forms disclosed, but on the contrary,
the intention is to cover all modifications, equivalents, and alternatives falling within

the spirit and scope of the invention as defined by the appended claims.

Definitions

The following terms used with the description are defined as such:

-10 -



The term "high molecular weight polyalkyl" refers to polyalkyl groups of sufficient molecular weight
such that the products prepared having such sufficient molecular weight are soluble in lubricating oil.
Typically thess faigh spdgcular weight polyalkyl groups have at least abous3fheaiacnatems,
preferably at least about 50 carbon atoms. 5 These high molecular weight polyalkyl groups may be
derived from high molecular weight polyolefins. The term "amino” refers to -141210R1 | wherein R10
and R11 are independently hydrogen or a hydrocarbyl group. 10 The term "alkyl" refers to both
straight- and branched-chain alkyl groups. The term "lower alkyl" refers to alkyl groups having from
about 1 to about 6 Tathem ariBissandtibekices firipréyigpssesndary and tertiary alkyl groups. Typical
lower alkyl 15groups include, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t- butyl,
n-pentyl, iso-pentyl, n-hexy| the like, The term "polyalky|" refers to.an alkyl group that is generally
derived from polyolS Fn%rv%fé?#gaf?e 6 y?%%r%%}foé’oﬁwir%g?s i)efnqgﬁggtl&‘é?%m‘%?l%g%@marly 1-mono-
20olefins, such as etytigde, propylene, butylene, and the like. Preferably, the mono- olefin employed
will have from about 2 to about 24 carbon atoms, and more preferably, from about 3 to about 12

carbon atoms. Morepreferied FeR0-Olelins JRAde RIGRWERR Jyﬁ&l@a%%t{gy;a;gé igobutylene,
1-octene and 1-decene. Preferred, lfo cﬂeflns ggr?ﬁare frq uc mono-olefmg |{1cju
154y it it

m e
polypropylene, 25pBfBETEHATSERY ol ERS PR OB RERANG SR |\°/I(3°e$cfmposition One
embodiment of the yesextdrfschiti orpisurboikioiaidier kiswidsiend ofl saditmdiersbapdiition prepared by
the process which geia)prisemdeacting deréé)ahieasivoastokingréafgwielenpelymers:

10 groups, and polyisobutyl groups. The preferred polyPIBSA is a copolymer of

poiyisobutene' and maleic anhydride having the general formula;

/ OYOYO _

g

wa———w
2 S Y

[”]

n
wherein n is one or greater; Ry, R, R; and R, are selected from hydrogen, methy! and
polyisobutyl having at least about § carbon atoms, preferably at least about 30 carbon

15 atoms and more preferably at least about 50 carbon atoms wherein either R, and R,

" are hydrogen and one of R; and Ry is methy! and the other is polyisobutyl, or Ry and
R are hydrogen and one of R and Ra is methyl and the other is polyisobutyl. The
polyPIBSA copolymer may be altemating, block, or random.

20 The term "succinic group” refers 10 a group having the formula:

o
il
—————T--»c-——w
—— G G ?

"

wherein W and Z are independently selected from the group consisting of --OH, --Cl,

--Q--alkyl or taken together are —-O-- to form a succinic anhydride group. The term “--

-11-



(a copolymer obtained by free radical copolymerization of components comprising: (a) at least one
monoethylenically unsaturated Cy-Cu 5monocarboxylic acid or ester thereof, or C4-C28 dicarboxylie

acid, anhydtigeaiesieisihereof; (b) at least one 1-olefin comprising aboutpg-ta4eeaseaRatoms or at
least one polyolefin comprising about 4 to 360 carbon atoms 10 and having a terminal

copolymerizable group in the form of a vinyl, vinylidene or alkyl vinylidene group or mixtures thereof;
and (c) at least one monoolefin compound which is copolymerizable 15with 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
the alkyl group is hy@traikyl, amirol diadiythrmione oefdtkoap@0 4 ub sbitut 8 erisansebhstituted, and

containing | to 40 carbenams; tALaialnagineandan N-alkylamide of a monoethylenically
unsaturated mono- or dicarboxylic 25acid of 3 to 10 carbon atoms where the alkyl substituent contains

1 to 40 carbon atoms; (3) an N-vinylcarboxamide of carboxylic acids of | to 8 carbon atoms; 30
The term "degree of polymerization” refers to the average number of repeating

5  swuctural units in the polymer chain.

The term "terpolymer” refers to a polymer derived from the free radical

copolymerization of at least 3 monomers,

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

where R is the rest of the olefin molecule.

15 The term "1, 1-disubstituted olefin” refers to a disubstituted olefin, also calied a

vinylidene olefin, that has the following structure:

CH;=CRs R4
wherein Rs and Ry are the same or different, and constitute the rest of the olefin
molecule. Preferably, either R or Rg is a methyl group, and the other is not.

20
The term "succinimide" is understood in the art to include many of the amide, imide,
ete. species which are also formed by the reaction of a succinic anhydride with an
amine, The predominam product, however, is succinimide and this term has been
generally accepted as meaning the product of a reaction of an alkenyl- or alkyl-

25  substituted succinic acid or anhydride with an amine. Alkenyl or alkyl succinimides
are disclosed in numerous references and are well known in the ant, Certain
fundamental types of succinimides and related materials encompassed by the term of
art "succinimide” are taught in U.S. Patent Nos. 2,992,708, 3,018,291; 3,024,237,
3,100,673; 3,219,666; 3,172,892; and 3,272,746, the disclosures of which are hereby

30 incorporaied by reference.

The term "polysuccinimide” refers to the reaction product of a succinic
group-~containing copolymer with an amine.
12 -



(4) an N-vinyl substituted nitrogen-containing heterocyclic compound; and (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 atorygaiagliaying a terminal copolymerizable group in the form ofg-yigyhobyvinyksene or alkyl
vinylidene group or mixtures thereof, provided that the olefin employed is not the same as the olefin

employed in (i)(b); (i) a copolymer obtained by reacting compound (0(a) and compound(i)(b) 10in the
presence of a free radical initiator; (iii) a copolymer obtained by (a) reacting compound (0(a) with
compound (0(b) or (Q(c) in a non-free radical catalyzed reaction in the presence of copolymer (i) or
copolymer (ii) or both; or by (b) contacting .15copolymer (i) or copolymer (ii) or both with the non-free

radical catalyzed repglignuadust G SORRRMR G ad-ardeorRsuHh GHlher Gy with (B) at least one

ether compound capabl of being reacted with at least two 20monocarboxylie acids, or esters, thereof,
or dicarboxylic aC|ds an ydrldes or esters thereof, or mixtures thereof; and (C) at least one aliphatic
compound capable of reacting with at least two monoca?oxyllc acid or ester thereof, or dlcarboxyllc
acid, anhydride or ester 25thereof. Copolyme Q_)_( The!Monoethylenically Unsaturated
Monocarboxylic Acid or Ester Thereof or 30D|carbo yllc Acid, Anhydride or Ester Thereof In the
present invention, at least one monoethylenically atedyCs-C28 monoearboxylic acid or ester
thereof, or C4-C28 dicarboxylic acid, anhydride or ester ||

~ o

5 wherein R;is selected from hydrogen, methyl and polyisobuty! having at least about
8 carbon atoms, preferably at least about 30 carbon atoms and more preferably at least
about 50 carbon atoms; wherein L and M are independently selected from the group
consisting of --OH, --Cl, --O--alkyl or taken together are ~O-- to form an alkeny! or
alkylsuccinic anhydride group.
10
The term “alkylvinylidene” or "alkylvinylidene isomer" refers to an olefin having the

following vinylindene structure:
CH,

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

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

The term "soluble in lubricating oil” refers to the ability of a material to dissoive in
aliphatic and aromatic hydrocarbons such as lubricating oils or fuels in essentially al!

20 proportions,

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

25  about 30 carbons or more suffice,

-13.



- 16- thereof is used to prepare the copolymers of copolymer (1). Preferably the at least one
monoethylenically unsaturated C3-C2 monocarboxylic acid or ester thereof, or C4-C28 dicarboxylic
acid, anhydyigeeseestesshereof is a dicarboxylic acid, anhydride or ester theraofdmoldiggeneral
formula of the preferred dicarboxylic acid, anhydride or ester thereof is as follows: wherein X and X'
are the same or different, provided that at least one of X and X is a 10group that is capable of reacting
to esterify alcohols, form amides or amine salts with ammonia or amines, form metal salts with reactive
metals or basically reacting metal compounds and otherwise function as acylating agents. Typically, X
and/or X' is -- OH, -1@ehyeh OprrybiQiNkF Wi Wi kep rehenis ohalkey) givale it effddestal, ammonium

or amine cation, -NHg, 11¢l, B 06 1aKGR JReHeRanth i A 88dR 0 Agasilp form an

anhydride. Preferably X and X™are such that both carbox%l:éc functions can enter into acylation

reactions. Maleic arffiaias 1elublsisrbihucryan eth Ay Pistie FetiiipnI¥aan e e Bl tron-deficient
olefins such as momopirehyteatikeit ohy it icebomanom e {ytatlintidsst et idcabo, anmnobromo,

monofluoro, dichlorg:and.gifluRiemaleicankysids :Nopheaykaleisideantsathseaulstituted
maleimides, ZOisorr]‘gI;eLrpig?%',JHrQaric acid, maleic acid, alkyl hydrogen maleates and fumarates,
dialkyl fumarates and Ma eaﬁes, fimaronilic acids and maleanic acids; and maleonitrile and
fumaronitrile. Suitable monomers for (a) are monoethylenically unsaturated dicarboxylic acids or
25anhydrides of frofhatoont driec2 8:tarloiNBighiswdeteiotBed frak thecgrdeprdomdistidgpgfnmaleic acid,
fumarie acid, itaconi¢ agid.masagaRic acid, methylenemalonic acid, citraconic acid, maleic anhydride,
itaconic anhyd\'ide, citraconic anhydride and methylenemalonic anhydride and mixtures of these with
one another, among which maleic anhydride is preferred. Other suitable monomers are
monoethylenically ui§atiraitdiy e e debrih seisho sfi Erapsbrc sbrir e BstHPe group consisting of
acrylic acid, methacrylic acid, dimethacrylic acid, ethylacrylic acid, crotonic acid, allylacetic acid and

vinylacetic Sacid, armoNgWRG)AGRYIC BRA EB‘SW%%U%%Q%@E%W@J@H?% AR0LRRLGERUP of suitable

monomers is C1-C40 alkyl.esters of monoeth Igneu Ity unsa‘ rfted C3,I-_CI‘O r’pono- ?rICA-.ClO
dicarboxylc acids SRR SIUFSES SERE AT aER, ML SRR o e | TR SR AR docedy
acrylate, loctadécyl gaewptateledeed thexaoratershal flidotriavrc dlraromik it bifedmbdibout 14 to 28

carbon atoms, ethybu@thaeriates2athyhexyl matinacrglate, deeyl methacrylate, octadecyl
methacrylate, monobutyl maleate, dibutyl maleate, monodecyl maleate, didodecyl maleate,

monooctadecyl rnaleate, and dioctadecyl maleate. . .
‘ The term “polyalkyl” reférs to an alkyl group that is generally derived from

polyolefing which are polymers or copolymers of mono-olefins, particularly 1-mono-
20 olefins, such as ethylene, propylene, butylene, and the like. Preferably, the mono-
olefin employed will have from about 2 to about 24 carbon atoms, and more
preferably, frotn about 3 to about 12 carbon atoms, More preferred mono-olefins
inciude propylene, butylene, particularly isobutylene, I-octene and 1-decene.
Preferred, polyolefins prepared from such mono-otefins include polypropylene,

25  polybutene, especially polyisobutene,

The Lubricating Oil Additive Composition
One embodiment of the present invention is an oil-soluble lubﬁcating oil additive
composition prepared by the process which comprises reacting

30

{A) atleast one of the following copolymers:

- 14 -



15(b)The I-Olefin or Polyolefin 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 atoms and having a terminal
copolymerizgple,gsqyp, g the form of vinyl, vinylidenc or alkyl vinylidene gfQupis;6spRiqyed- 20
Suitable I-olefins for preparing copolymer (i) comprise from about 2 to about 40 carbon atoms,
preferably from about 6 to about 30 carbon atoms, such as decene, dodecene, octadecene and
mixtures of C20-CM -1-olefins and C24-C28-1-olefins, more preferably from about 10 to about 20
carbon atoms. Preferably 1-olefins, which are 25 also known as alpha olefins, with number average
molecular weights in the gnge 48Q3valRO-bLmareydre: préitel kegs wiitrinacieailamypeighis in the range of
200-2,000 being more'preferreqog%sgéqmplé, alpha olefins obtained from the thermal cracking of
paraffin wax. Generally, these olefins range from about 5 to about 20 carbon atoms in length. Another
source of alpha olefins is the ethylene growth process which gives 30even number carbon olefins.
Another source of olefins is by the dirtéeistensimonedipiritelinansyierisd @ppropriate catalyst such as
the well known Ziegler catalyst. InterpalRlafnsakeacasiyabhimined, by dhejsamanszaiion of alpha
olefins over a suitable catalyst such aséigilg(ﬁg. cﬁirﬁfglr@mytgépégiﬁns from C6-C30 are used because
these - IS- materials are commercialﬁ/ réadﬁ,y 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
olefins may also be employed. 8$uitatlesgalyolefininforprepesiry ¢dpolhvercd) armpalyolefins
comprising about 4 to about 360 carbgn.ateMSIRaTR BahINERs MRvesadnembssARsage molecular
weight (Mn) of}Uom about 56 to zatbou;;m‘;.j(%ogi nergcl)elj_nlgégrpflgls Iggr}g%%e are QAig)o%%%so?f ethylene, of
butene, including isobutene, and of branc?we ISOmers o %e’ﬁtene, ckenle. Qc%ene and of decent, the
copolymerizable terminal group of the BfigbéreeipitshyesaAth aRErsTRIYPES AR dinylidene or

. alkylvinylidene group, oligopropenes awid oligopropene mixtures of from about 9 to about 200 carbon
atoms and in particular oligoisobutenes, as obtainable, for example, according to DE-A 27 02 604,
corresponding U.S. Patent No. 4 152é4?9‘§tare refe¥r, d. Mixtur%swgf <i~%h.e stath oli g[ners are also
suitable, for example, mixtures c? ethy‘ieene and's ogrea{f'prf?é" Biefins MBOthdr ditaie f)olyolefins are
described in UK. Patent No. 6,030,930 hicprremeseth(z) and (b) and is selected from the group

consisting of’

(1} analky! vinyl ether and an allyl atkyl ether where the
alkyl group is hydroxyl, amino, dialkylamino or alkoxy
20  substituted or is unsubstituted, and containing 1 to 40

carbon atoms;

(2)  analkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or dicarboxylic
25 acid of 3 to 10 carbon atoms where the alky! substituent

contains 1 to 40 carbon atoms;

(3}  an N-vinylcarboxamide of carboxylic acids of 1 to
8 carbon atoms;
30
{4)  an N-vinyl substituted nitrogen-containing heterocyclic

compound; and
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incorporated by reference. The molecular weights of the oligomers may be determined in a
conventional manner by gel permeation chromatography. The copolymerizable polyolefin that is
reacted witRsthegdngatueated mono- or di- 20 carboxylic reactant are polypesscompisipg a major
amount of C2 -Cs mono-olefin, e.g., ethylene, propylene, butylene, isobutylene and pentene. These
polymers can be homopolymers such as polyisobutylene as weli as copolymers of 2 or more such
olefins such as copolymers of: ethylene and propylene, butylene, and isobutylene, etc. 25The
polyolefin polymer usually contains from about 4 to about 360 carbon atoms, although preferably 8 to
200 carbon atoms; and more preferalyhy fromn iasouricl2otelfaboutplisibgsddnoh tathasb&ince the high
molecular weight olefins used to prepare thg RQINMESMAL e PeseRt-3Alnentaase generally
mixtures of individual molecules of different [;noI%%bllar weights, infpf;vidua tcgr)rgoli}fmer molecules
resulting will generally contain a mixture of ﬁl&ﬁ oféctar \‘f’vrglsgaﬁ1 pg f/%l? fgr'gups of varying molecular
weight. Also, mixtures of copolymer molecuieebahirgifasean b fe@s e pslyimerization will be
produced. - 19 5 The copolymers of the presgntdanentng hingidnayeipgentdegree of polymerization
of 1 or greater, preferably from about 1.1 tosﬂp&lﬂ}{ﬁ&ié’é&qlﬁl%g &Eﬁ_ﬁe&ﬁﬁ%gﬁ(’;%@ﬁﬂyt 1.5 to about 10,
(c)The Mono-olefin Compound The present invention employs at least oné monoolefin compound
which is copolymerizable with the monomer&™6t ﬁy‘éﬂ]&%fﬁlﬁﬁ%‘j%@ﬁ&d from the group consisting
of: an alkyl vinyl ether and an ally' alkyl ether where the alkyl group is hydroxyl, amino, dialkylamino or
alkoxy substituted or is upsubstitdgsy-andeantaiBiNg koY RhYYLM DE@bat40 sakagNgtoms;
15Suitable moppmers include tgaetgggp\g@goqz o}"ﬁ%&:@%iéﬂ%@ X},ethe_rs where the alkyl radical is of
about Ito about 40 carbon atoms are aiso suitab e, 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, isobutylivinyleetietyReetidined i in vdasting codaophv i thidr cdodeey vinyl ether,
octadecyl vinyl 20ether, 2-(diethylyasinrasthy bt etlieda 2-ddisrebHidasninaie eyl ether, and

of copolymer (i) or copolymer {if) or both; or by (b) contaciing }

5 copolymer (i) or copolymer (ii) or beth with the non-free radical
catalyzed reaction product of compound (i¥a) and compound (i}b) or
(i¥c); with '

{B)  al least one ether compound capable of being reacted with at least two
20 monocarboxylic acids, or esters, thereof, or dicarboxylic acids, anhydrides or

esters thereof, or mixtures thereof; and

{C)  atleast one aliphatic compound capable of reacting with at least two

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

25 - thereof.

Copolymer (i}

(a) The Monoethylenically Unsaturated Monocarboxylic Acid or Ester Thercof or
30 Dicarboxylic Acid, Anh)_rc’zride or Ester Thereof

In the present invention, at least one monoethylenically unsaturated C3-Cyg
monocarboxylic acid or ester thereof, or Cy-Cyg dicarboxylic acid, anhydride or ester
16 -



the corresponding ally' ethers. (2)an alkyl amine and an N-alkylamide of a monoethylenically
unsaturated mono- or dicarboxylic acid of from about 3 to about 10 carbon atoms where 25the
alkyl substiterigeemntams from about | to about 40 carbon atoms; AnotherpgrpgRafsnenamers
comprises CI-Co alkyl amines and C1-C40 -N- alkylamides of monocthylenically unsaturated C3 -C10
-mono- or dicarboxylic acids, such as dimethylaminoethyl acrylate, diethylaminoethyl acrylate,
30dibutylaminoethyl methacrylate, acrylamide, methacrylamide, N-tert-butylacrylamide,
N-octylacrylamide, N,N -dibutylacrylamide, N-dodecylmethacrylamidc and Noctadecylmethacrylamide.
(3)an N-vinylcarboxsmidesotabrboxylie teidpdffronrbbpatvitedbobie8eiibba Alemsisindnother group of

monomers includes{hgdaluing; Minvearboramises.casahendicasidsebfraneatgut | to about 8
carbon atoms, sucl%.as N- vinylformamide, N-vinyl-N-methylformamide, N-vinylacetamide,
N-vinyl-Nmethylacal A RIER SN SR Tt A N EHESIeR NS e P o Bl
N-vinylpropionamid&¢r3gf(4)an N-vinyl substituted nitrogen-containing heterocyclic compound; Another

group of monomers includes the following: N-vinyl compounds of nitrogen-containing heterocyles,

such as N-Viny"midﬁ%(é&emrvmmq}haﬁ@?g&iaz@%w&wprl9345{9,'mQ@ﬁa@& blavimraprojactam. 15(5)at

least one 1-olefin comprising about 2 to 40 carbon atoms or at least one polyolefin comprising from
about 4 to about 368 &&Hon atoms and having a terminal copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidcne group ordnixtures thereof, provided that the olefin employed is not the
same as the olefin employed in (i)(b); 28 Suitable 1-olefins comprisg about 2 to 40 carbon atoms,
preferably from about 8 to about 30 carbok atoms, such as dece#fe, dodecene, octadecene and
mixtures of C20-C24 - l-olefins and C24-C18 ~T-SifinsCreferSaly I-olefins, which are also known as
alpha olefins, with number average molgCular
X

X
wherein X and X' are the same or different, provided that at least one of X and X'is a

I0  group that is cap.able of reacling to esterify alcohols, form amides or amine salts with
ammonia or amines, form metal salts with reactive metals or basically reacting metal
compounds and otherwise function as acylating agents. Typically, X and/or X'is -+
OH, --O-hydrocarbyl, OM+ where M+ represents one equivalent of a metal,
ammonium or amine cation, --NHs, «-Cl, --Br, and taken together X and X' can be

15 «-0-- 50 as to form an anhydride. Preferably X and X' are such that both carboxylic
functions can enter into acylation reactions. Maleic anhydride is a preferred reactant.
Other suitable reactants include electron-deficient olefins such as monopheny! maleic
anhydride; monomniethyl, dimethyl, monochloro, monobromo, monofluoro, dichloro
and difluoro maleic anhydride; N-phenylmaleimide and other substituted maleimides,

20  isomaleimides; fumaric acid, maleic acid, alky! hydrogen maleates and fumarates,
dialkyl fumarates and maleates, furnaronilic acids and maleanic acids; and

maleonitrile and fumaronitrile.

Suiteble monomers for (a) are monoethylenically unsaturated dicarboxylic acids or
25  anhydrides of from aboui 4 1o 28 carbon atoms selected from the group consisting of
maleic acid, fumaric acid, itaconic acid, mesaconic acid, methylenemalonic acid,
citraconic acid, maleic anthydride, itaconic anhydride, citraconic anhydride and
methylenemalonic anhydride and mixtures of these with one another, among which

maleic anhydride is preferred.
-17-



25weights in the range of from about 28 to about 560 are preferred, with molecular weights in the
range of from about 112 to about 420 being more preferred. For example, alpha olefins obtained from
the thermahgpgkingseisparaffin wax may be employed. Generally, these @lefinssfanga fs@m about 5 to
about 20 carbon atoms in length. Another source of alpha olefins is the 30 ethylene growth process
which 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 -21 - silica. Preferably,
I-olefins from Cia-C30 are used because these materials are commercially readily available, and
because they offer exstesiﬁ&lale halenes eftheragitnahtiasaieatdar;tal,-mvactansaolipility of the

terpolymer in nonpol :{s 3gl) ?E)r&tﬁoM%teué poiogllseg‘ % gc@llegagldltglg{e&@ﬁrgagratlon of Copolymer (i)

Copolymer reactant | repar rom well known methods which are described in the art

including, but not In‘f’\ff@@"ﬁf-"’lfﬁég‘g ﬁ'FBl’F‘f’(‘jB’é’Wféfﬁ’é’?&“&lg‘éﬁ%§%}?ﬁe{ﬁ€‘fﬁlﬁﬂ\ﬂnﬂ&yﬂfé’fﬂﬁts which are
herein incorporatec:dy, referewbehHaniisendetehactdld SidRmtenfdted.5,792,729; Gtinther et al., U.S.
Patent No. 6,284,716; and Gunther et al., U.S. Patent No. 6,512,055. In one embodiment of the

present invention the cgg ymer e%t Q,In |c;s,a ¥a&<e€g upgsl‘rglc atnhg/drlgce( %)erg%% er. These
ribe

terpolymers are compose& Pt 185 one of 1omon a to rein. Typically, the
terpolymers of this HHHHSA %Uﬁtafﬁ"&ﬁéégﬁMﬁﬂi\’ﬂiﬁ*l@r"ﬁ‘éﬁ‘ﬁé&ﬁ"éffb‘lfﬁ"(éf’}‘tob@) In general,

these components seatid@fahy! teryelyress wtieh, carede randenidespalymeyheraaftémating
terpolymers Onblocg&em@lxmﬁmmﬁm%@ wem%wymeqw&m&pﬁmgeaﬁgr making
copolymers. Addltlon?b%rgﬁd‘ S{E lfle‘tq for %pegee 1t r%e? %f c?“a 9@%@ ch are composed

of monomers (a) arftf a noCArD eIlc acid or ester
thereof or dlcarboxmmlﬂa&ﬁWd%@Uﬁfe%ﬁt@r W%W‘l@%é?@@féﬁf’%ﬁﬁ rt?‘i’éf‘%""dlsclosed above,

preferably maleic apbyshit@eComparcmid bjodhe:tolefimer polyolefin, is 25preferably polybutene.
Component (c), the mono-olefin, is preferably a linear alpha olefin containing from about 12 to 18 -

carbon atoms, The degree of palymerization of the terpolyrners can vary over a wide range.
(b} 7 The 1-Olelin or Polyolefin

In the present invention at least one 1-olefin comprising about 2 to 40 carbon atorns or
at least one polyolefin comprising about 4 to 360 carbon atorns and hairing a terminal
copolymerizable group in the form of vinyl, vinylidene or alkyl vinylilene group is
emplayed.
20
Suitable 1-olefins for preparing copolymer (i) comprise from about 2 to about
40 carbon atoms, preferably from about 6 1o about 30 carbon atoms, such as decene,
dodecene, octadecene and mixtures of Cye-Cyq -1-olefins and Cz4-Cyp-1-olefins, more
preferably from about 10 to about 20 carbon atoms. Preferably 1-olefins, which are
25  also known as alpha olefins, with number average molecular weights in the range
100-4,500 or more are preferved, 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 about § to about 20 carbon atoms
in iength. Another source of alpha olefins is the ethylene growth process which gives
30 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. Preferably, t-olefins from Cg-Cjp are used because these
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Preferably, the degree of polymerization is from about 2 to about 10. In general, 30terpolymer degree
of polymerization decreases as the polymerization temperature increases. The terpolymerization is
conducted Wy dhapreserse of a suitable free radical initiator. Examples of sgitaliepalyregrization
initiators are peroxide compounds, such as tertbutyl perpivalate, tertbutyl pemeocecanoate,
tert-butylperethythexanoate, tertbutylperisobutyrate, di-tert-butyl peroxide, di-tert-amyl peroxide,
diacetyl 5peroxydicaronate and dicyclohexyldicaronate, or azo compounds, such as 2,2
-azobisisobutyrontrile. The intiators may be used alone or as a mixture with one another, Redox
co-initiators may alsmibeafsrasermriRreidintshdithavitititonibbacperokiteo fae datitabbr, e.g., di(t-butyl)
peroxide, dicumyl pigieler ateMenitPsr iniabticfabiaiiSeR ukyRitibbaity pedritiaiersmdrincedures for

preparing poly 1-olefin cppoly}m SYA-T{S Jpg,g[x!%rm e descr iR U.S. Pat Nos. 3,560,455 and
4,240,916, hereby i'ﬁoé’g?p%rsgte%}%y r!exfé‘fence inltheirLentirety. h%kse'procedures could be used to

prepare terpolymers. Both patents also describe a variety of initiators. - Copolymer (i), wherein a
second olefin issemployad rvhtblefredctiprpaae begrepat@drd blytheisamemangamasicopolymer (i)
which is described helowséonplymesitnde apgthes embodimentafibepiesant Rugation, the
copolymer reactant j Qpolymer obtained eactin @f t least one monoethylenically unsaturated
C3-C28 20monocal(§di§} i%%é??lé BF géjfgra g}}%ﬁé e gll'(,géf- zesd?@ SS)%{/ @‘&8%?’%§fydride or ester

thereof and (b) at leHsteReEBON NSRS TR ShRaaddfonTs P Ersilaidfecules of
propene or of a brasghedktofaficeof, trerpphautrkiblabmindGoaphdrhatsimsndidving a number average

molecular weight Ivjp.of fri . . havi i zable aroup i
the form Ofa\%gyl, y?ﬂ%lggr@e?.é%%ﬁg%ﬁ@nwhég% RORAABS: SLRRTUNRS FORANTIRS

olighpropene mixtures IESNS Q4B UbiNS Rresenes,of & freg fdical initiator.
oligoisobutenes, as obtainable, for example, according 1o DE-A 27 02 604,
corresponding U.S. Patent No. 4,152,499, ar¢ preferred. Mixtures of the stated
oligomers are also suitable, for example, mixtures of ethylene and other alpha olefins.
15 Other suitable polyolefins are deseribed in U.S. Patent No. 6,030,930 which is herein
incorporated by reference. The molecular weights of the oligomers méy be

determined in 2 conventional manner by gel permeation chromatography.

The copolymerizable polyolefin that is reacted with the unsaturated mono- or di-

20 carboxylic reactant are polymers comprising a major amount of Cy -Cg mono-olefin,
e.g., ¢cthylene, propylene, butylene, isobuiyiene and pentene. These polymers can be
homopolymers such as polyisobutylene as well as copolymers of 2 or more such

olefins such as copolymers of; sthylenc and propyleng, butylene, and isobutylenc, etc.

25 The polyolefin polymer usually contains from about 4 to aboul 360 carbon atoms,
although preferably 8 to 200 carbon atoms; and more preferably from about 12 1o

about 175 carbon atoms.

Since the high molecular weight olefins used to prepare the copolymers of the present
30  invention are generally mixtures of individual molecules of different molecular
weights, individual copolymer molecules resulting will generally contain a mixture of
high molecular weight polyalky! groups of varying molecular weight. Also, mixtures
of copolymer molecules having different degrees of p'olymerization will be produced.
-19 -



Thus, preferred copolymers of the present invention are prepared by reacting a "reactive" high
molecular weight olefin in which a high proportion of unsaturation, at least about 20% is in the
alkylvinylidege sqpfiggsagion, e.g., CH2 A9 Swherein Rg and kg are an alkyt-ersubhstisuied alkyl of
sufficient chain length to give the resulting molecule stability in lubricating oils and fuels, thus Rg
generally has at least about 30 carbon atoms, preferably at least about 50 carbon atoms and R9 is a
lower alkyl of from about | to about 6 carbon atoms, with an unsaturated acidic reactant in the
presence of a free radical initiator. 10 Typically, the copolymer product has alternating polyalkylene and
succinic groups and has an average degree of polymerization of 1 or greater.  The preferred '
copolymers (ii) of thg, pesaphinventiop-havetha.aanarakl 3leHpiRpitGTAR2R14albEC C HHI RIR3
wherein W' and Z' a}re in e end<13nt% sglect d frloqnt tggogtr%%n gprggigtipcqe%fbi-%H O0 -alkyl or taken
together are -0-- to ToMH S SCETE AR HaS Srotls, Ha gne or Sraatercand B THER3 and R.4 are
selected from hydroget®, 2&Ra)1:8f from about | to

5
(¢}  The Mono-olefin Compound
The present invention employs at Ieast one monoolefin compound which is
. copolymerizable with the monomers of (a) and (b) and is selected from the group
consistingl of
10

(13 analky!l vinyl ether and an sllyl alkyl ether where the alkyl group is hydroxyl,
amino, dialkylamino or alkoxy substituted or is unsubstituted, and containing

from about 1 to about 40 carbon atoms;

15 Suitable monomers include the following: vinyl and allyl alky! ethers where the alkyl
radical is of about 1 to about 40 carbon aloms are also suitable, and the alkyl radical
may carry further substituents, such as hydroxyl, amino, dialkyamino or alkoxy.
Examples are methyl vinyl ether, ethy! vinyl ether, propyl viny! ether, isobutyl vinyl
ether, 2-ethythexyl viny! ether, decylvinyl ether, dodecy! vinyl ether, octadecyl vinyl

20 eihgr, 2-(diethylyamino)ethyl vinyl ether, 2-(di-n-butylamino)ethy! vinyl ether, and

the corresponding allyl ethers. .

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

25 the afkyl substituent contains from about | to about 40 carbon atoms;

Another group of monomers comprises C,-Cyo alkyl amines and C,-Cy
-N- alkylamides of monoethylenically unsaturated C; -Cip -mono- or dicarboxylic
acids, such as dimethylaminoethyl acrylate, diethylaminoethyl acrylate,

30 dibutylaminoethyl methacrylate, acrylamide, methacrylamide, N-tert-butyiacrylamide,
‘N-octylacrylamida, NLN' «dibutylacrylamide, N-dodecylmethacrylamide and N-
octadecylmethacrylamide,
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20about 40 carbon atoms, and high molecular weight polyalkyl wherein either R4 and R2 are hydrogen
and one of R3 and 124 is lower alkyl having from about 1 to about 6 carbon atoms and the other is

high molecujas yygight palyalkyl, or R3 and 1k4 are hydrogen and one of RigngkR2dgdawer alkyl
having from about 1 to 6 carbon atoms and the other is high molecular weight polyalkyl. Copolymer (ii)

may be alternating, block, or-random. In a preferred embodiment, when malcic anhydride is used as
the reactant, the 5reaction produces copolymers predominately of the following formula: /7 wherein n
is from about 1 to about 100, preferably from about 2 to about 20, more preferably from about 2 to
about 10, and R1, R8, RZand-Rdareselecied ddox Fidridest flowvebaikyloftirard albdaut 1 to about 6
carbon atoms and higheri{ggjgcular 10 weight polyalkyl, wherein either Rl and R2 are hydrogen and
one of R3 and Itt is lower alkyl having from about | to about 6 carbon atoms and the other is high
molecular weight polyalkyl or R3 and R4 are hydrogen and one of Ri and R2 is lower alkyl and the
other is high molecular wéitgirqsalpasisi mpsprefeinditdeatis MYprineldttiay waigtarmdyalkyl group has at
least about 30 garbon atogsmiey ecpIsiefall yriulcast:abo st abasseas, atemsNPreferred high

molecular weight polyalky;grayns inglude, RoiwisaRiikaraURS. REGIaHEd AflISeRM.qroups include

!
those having number average molecular welghts of from about 500 o aboyt 5000, more preferably
from about 900 to about :

SFERHS Toviar M gRETHY Yo e Rty IR N e specially
preferred lower alkyl groups chodigraméttaphidk. particularly preferred class of olefin polymers comprises
the polybutenes, which are prepared by polymerization of isobutene. These polybinenes are readily

available commercigl. materials. w QW to e skiled | Di es thereof will 25be
found, for examgle,@rz u.g’ aﬁgﬁ\fi&%%%{’%éé%égﬁ&ﬁ%é@%@&@& c'igﬁ.S ?ﬁé%ﬁ%’corpormed by

reference for their disclos&i8 Bf BERHTE PolyatdrEloBRsidl apny! L TR Sfititea8iefins are used to
provide a high molecular waightroiksotupks, taklinthevieypolinelk, Rrefetalstiniiveidaidisubstituted olefin

has a number average M,@J;Hﬁg},@}g@g&@ﬁ@ foahasbafRemOne particularly usetid 1,1-disubstituted

olefin is a 1,1-disubstituted polyisobutylene, such as methylvinylidene 5polyisobutylene.

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

20
Suitable 1-olefins comprise about 2 to 40 carbon atoms, preferably from about
8 to about 30 carbon atoms, such as decene, dodecene, octadecene and
mixtures of Cap-Cag -1-0lefins and Cp4-Cag -1-olefins. Preferably 1-olefins,
which are also known as aipha olefing, with mumber average molecular

25 weights in the range of from about 28 to about 560 are preferred, with
molecular weights in the range of from about 112 to about 420 being more-
preferred. For example, alpha olefins obtained from the thermal cracking of
paraffin wax may be empioyed. Generally, these olefins range from about 5 to
about 20 carbon atoms in length. Another source of alpha olefins is the

30 cthylene growth process which 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
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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 copolympexs i ihepresent invention are 100of sufficiently long chain jergil sedhatthe resulting
composition is soluble in and compatible with mineral oils, fuels and the like; and the alkylvinylidene
isomer of the high molecular weight olefin comprises at least about 20% of the total olefin composition.
Preferably, the alkyl vinylidene isomer comprises at least 50%, more preferably at least 70%, of the
total olefin composition. 15 Such high molecular weight olefins are generally mixtures of molecules
having different moleculagwaights.an casidfay&dah ieasl:pae brdnebperikearaenadaras along the

chain, preferably at least gng hranab Refd SAIRoR alms alengahaehain,aRd paticularly preferred
that there be about one branch per 2 carbon atoms along th é %}g{g These branched chain olefins
g se

may conveniently compridk FOSRIRERE S Brspar &3¢ KBIERHAR of from about 3 to
about 6 carbon atoms, arrPmelferabigniortixokefind Gtfirs arethsuuBatdeabout 4 carbon atoms, and more
preferably from propylene or isobutylene. The addition-polymerizable olefins employed are normally
1-olefins. The brangt;@aa} ”tt)lgo'cf{r, m %proMt | to about 4 carbon atoms, more 25usually of from about 1
to about 2 carbon atoms and preferably methyl. The preferred alkylvinylidene isomer comprises a

methyl- or ethylvinyiGRHEMSLISETEEBRIEFmR R MEtHMpIEeedsBhifE230 The especially
preferred high moledastaibwidight efefindissduonprépird thahlcspoiihmér soflihe gredend invention are

polyisobutenes whigh eQRRHigAlRAShRD MW 1RRY Rfdhe-Hnarsy eastie. mativlyiylidene isomer,

and gﬁ%&&%ﬁgﬂy ol dF@%a%%QHE7§%ﬁ Syitable polyisobutenes include

preferably at least 0% an
those prepared - 235)%?%6@&3 c of such’po ylsdﬁutenes in which the

- e la%eparatlon
methylvinylidene isGREREShibridds RN h&rebritate of the total cdmposition is described in U.S.
Patent Nos. 4,152,499 and 4,605,808. 5 Preparation of Copolymer (it) As noted above, copolymer (ii)

of the present inventiQRd s SRR EGASIRG A AIRTIR- 2B AR s AIUFRISH REdiCFGRCtant in the
presence of a free radical ini‘ii ot. The process of the preparation of cQ Pl}llner (iig is. described in
r’z )_i_ fé@o Iy} Ieﬁ-h oli gt least on

. SUECINIC olymer. These te TErs are Lompase f .
Harrison, U.S. Pateht RO Ich'is herei corporafeﬁ)%y fefeferice m its entirety. Jo

15 monomers (2) to (¢) as described herein,

Typically, the terpolymers of this invention contain at least one monomer from each
group (a) to (¢}. In general, these components react to form terpolymers which can be
random terpolymers or alternating terpolymers or block terpolymers and can be

20 prepared by known procedures for making copolymers. Additionally, it is possible to
form a small percentage of copolymers which are composed of monomers (a) and (b)
and monomers (a) and (c). Component (a), the monocarboyxlic acid or ester thereof
or dicarboxylic acid or anhydride or ester thereof, is selected from those disclosed
above, preferably maleic anhydride. Component (b}, the 1-olefin or polyolefin, is

25 prefesably polybutene. Component {c), the mono-olefin, is preferably a lincar alpha

olefin containing from about 12 to 18 carbon atoms,

The degree of polymerization of the terpolymers can vary over a wide range,
Preferably, the degree of polymerization is from about 2 to about 10. In general,
30 terpolymer degree of polymerization decreases as the polymerization temperature

ingreases.



The reaction may be conducted at a temperature of about -30C to about 210C, preferably from about
40C to about 160C. The degree of polymerization is inversely proportional to temperature.
Accordinglyfgnihs3sefgrred high molecular weight copolymers, it is advaitpgaewusiq@gploy lower
reaction temperatures. 15 The reaction may be conducted neat, that is, both the high molecular weight
olefin, acidic reactant and the free radical initiator are combined in the proper ratio, and then stirred at
the reaction temperature. 20Alternatively, the reaction may be conducted in a solvent. Suitable
solvents include those in which the reactants and free radical initiator are soluble and include acetone,
tetrahydrofuran, chitrefegstymethyiene chibrdd idishoroeth afie stoitiefes didixaneiiahiorobenzene,

xylenes, or the like. phfter therRAGHRR IS FRMME N RIRHIe-COMRARRBIS IR A Stkpped off. When a
solvent is employed, i%isg;?referagly i{gﬁ[} to 25the reactants ag&l ngOd%CE formed and is generally used

in an amount suffici§it 18 EHEUFE iR %?f(’fﬁ@?cﬁﬁ?g?ﬁ’g’tf\?gl'y “FEaEHGH MEY be conducted in a
diluent, such as minteiwireage s dhertivieregpdds ritesamihresvisitudésesthat interfere with the

free radica_l 3Qpp|ym@fizﬁ§[i@§o;azg mammmmmgmﬁ_a@m&dmw,mﬂu@,mn general, 'the
copolymerization cap, e nifialed a0, T Gadica iniliaifoRushdnilialars a1 !l known in the art

However, the choice of free radical.injtiator may be influenced by the reaction temperature. employed.
5The preferred free2 AR R FMCIDR SO THES A B RS Bﬁl@%@?ﬁgﬁﬁwﬁﬂﬁéﬁ&r@’ﬁﬁiﬁhe azo-type
polymerization initiateedniRadiatipndiatuatbor trexidsedicemnithatex ifreorazetion liftidesired. The
peroxide-type free-gadicabiniiatalecan fielgaHie@uinargapispdhe: QRN aayingnthe general
formula: R12 q%nggvpoerr&aFéjlgei?egg o&gﬂa{}ig rlaaglggg%nggggg géggﬁtg%f?%@b e group consisting of

hydrogen and any organic radical. Both R12 and R13 can be organlc radicals, preferably hydrocarbon,
aryl, and acyl radicHIEBaFHEY TFaESTRE ReibeHToh (et WEHETO PR BREIPIFEPREY peroxides
include di-tert-butyltpendpddes, Brobipmtmpesbxitiesrdng distest-<nmyigiasoxide. 15 Examples of other
suitable peroxides, which in no way are limiting, include benzoyl peroxide; lauroyl peroxide; other
tertiary butyl peroxigeS' 2 4-1’1L§h‘l%robenzo%l eroxide; te{tiar .b%y&egxdroper%ide' cumene

[

hydroperoxide; diace S’/?Jﬁfé'% de; 5"&'3'{3?Isﬁydlro<geerlgf<slc?gfp & "fperoxygg?b%aﬂate‘?r?g?ﬁ%iry butyl

perbenzoate; dAd thethe same manner as copolymer (i) which is described below,

Copolymer (ii)
In another embodiment of the present invention, the copolymer reactant is a
copolymer obtained by reacting (a) at least one maoncethylenically unsaturated C5-Cag
20 monocarboxylic acid or ester thereof, or a C4-Cyg dicarboxylic acid, anhydride or ester
thereof and (b} at least one copolymerizable polymer éomposed of at least 3 olefin
molecules of propene or of a branched 1-olefin of from about 4 to about 10 carbon
atoms, having a number average molecular weight M, of from about 112 to about
5000, and having a terminal copolymerizable group in the form of a vinyl, vinylidene

25  oralkyl vinylidene group in the presence of a free radical initiator.
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20like. The azo-type compounds, typified by alpha,alphat -azobisisobutyronitrile, are also well-known
free-radical promoting materials. These azo compounds can be defined as those having present in the
molecule gregaablTNasgvherein the balances are satisfied 25by organic ragigaiso@ideast one of which
is preferably attached to a tertiary carbon. Other suitable azo compounds include, but are not limited
to, p-bromobenzenediazonium fluoroborate; p-tolyldiazoaminobenzene; p-bromobenzenediazonium
hydioxide; azomethane and phenyldiazonium halides. A suitable list of azo-type compounds can be
found in U.S. Patent No. 2,551,813, issued 30May 8, 1951 to Paul Pinkney. The amount of initiator to
employ, exclusive dftiadisdiameddopolytses dephe pasctoiaviatge extprbordtergatiigular initiator chosen,
the high molecular Qlﬁ@ﬁv@sﬁ‘érﬁﬂgmﬁar v?fﬁgmrﬁ@mQR&Q‘BQ‘H%%JJ&;%Bﬁb&@ﬂ&ﬁl&‘iﬁﬂons of initiator
are between 0.001; 1 a a% % éb oJel Ofth tiat [per male ofugmdlc reactant, with preferred amounts
between 0.005:1 ard D6 hseln ofy/ r‘f’zm S fIHD & ATL e it be sufficiently high to break down
the initiator to produce the desired free radlcals. F *%?xample, using benzoyt peroxide as the initiator,
the reaction temperature can be between about 75¢ and about 90C, preferably between about 80C
and about 85C higher and lower temperatures ca employed, a suitable broad range of
temperatures being between about 20C and 10 C, with preferred temperatures between
about 50C and about 150C. The reaction pressdre should Be sufficient to maintain the solvent in the

liquid phase. Pressueaizat thenefereamanybatweanaldaityatnasphericrandehg® psigor higher. 15The
reaction time is USL@.L|¥E§HITICIG ecu{eeggg lf{% h?ut?n ca?%%’l“l@lﬂ &ﬁ@?lﬁt& ﬁon%%r rsion of ]éhe acidic

reactant and high molecular g ht olefin t olymef. The reaction fime°is suitable between one and

24 hours, with prefé"r?@&‘?‘é‘ééﬂ&ﬁf’ﬁ?ﬁéé”ﬁét%’éféﬁbéyéhﬁaiﬁh%Ps? carbon atoms and Ry is a

lower atkyl of from about | 1o about 6 carbon atoms, with an unsaturated acidic

reactant in the presence of a free radical initiator.

10
Typically, the copolymer product has alternating polyalkylene and succinic groups
and has an average degree of polymerization of 1 or greater.
The preferred copolymers (ii} of the present invention have the general
15 formula: '
[
Q== C—=0 2 4

\_J

wherein W' and Z' are independently sclected from the group consisting of --OH, --O-
-alkyl or taken together are --O-- to' form a succinic anhydride group, n is one or
greater; and Ry, Ry, R; and Ry are selected from hydrogen, alkyl of from about | to
20 about 40 carbon atoms, and high molecular weight polyalky! wherein either R, and R,
are hydrogen and one of R; and Ry is lower alkyt having from about [ 10 about 6
' ~ carbon atoms and the other is high molecular weight polyalkyl, or R; and R4 are
hydrogen and one of R and R; is lower atky! having from about 1 10 6 carbon atoms

and the other is high molecular weight polyatkyl.
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20As 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 fagipss@rgiptgmate contact of the high molecular weight olefin pad asidg ragiant in the
presence of a free-radical producing material. The reaction, for example, can be conducted in a batch
system where the 25high molecular weight olefin is added all initially to a mixture of acidic reactant,
initiator and solvent or the high molecular weight olefin can be added intermittently or continuously to
the reactor. Alternatively, the reactants may be combined in other orders; for example, acidic reactant
and initiator may be added to high molecular weight olefin in the reactor. In another manner, the
components in the @oa?% '9& %m_j% re can _ann a%ga%g gp%ggyrgusly to a stirred reactor with continuous
removal of a portion of the product to a recové’y train or to other reactors in series. In yet another
manner, the reaction may be carried out in a batch process, wherein the high molecular weight olefin
is added initially to the pedctet canddirentihdaotdicicealotdnde Biscdnettaecnitiatokare added gradually
over time. The reaclign;GRR-RQSHIRRIMIRKERLAGRIR PofuRUIBIIVRE feagiQr where the components
are added at one or more points along the tube. 5Copolymer (iii) In one embodiment, copolymer
reactant (iii) is obtained by a copolymey otaineddy (a)geacting cgmpound (i)(a) with compound (i)(b)

both; or by  (b) contacting copolymer (i) or copolymer (ii) @r bdth ith the non-free radical
10catalyzed reaction product of compound (iXa)and compound{(i i)(c). Preparation of
Copolymer (iii) A process for the preparation of copolymer {iii) é described, for example, in Harrison

et al., U.S. Patent No. 6,451,920, which is herein incorporat"d by reference 15in its entirety. In process
step (a) above, any unreacted olefin, g

do not react readily with the monoethylenically unsaturated C3-C28 monocarboxylic acid or ester

thereof, or C4-C28d1RERIbXARTEPSH S agPAR Ho REegbhs o ARIRIE 12,7he8t PeB S dical conditions,
are reacted with mondetivjtdmvabpuisatthated @8 B 2& miwroddtbux phsasidron ester thereof, or
C4-C2s dicarboxyligyaeidenrian-anRydiidraLesicr insiark trcar el sRRditionsuie., at
temperatures of, from apout 180C to about 280C. These conditions are similar tq,those used for
orepating thoriual prERULESTAn TSEo A griad e o RIS ST Bl

lower alky! having from about t to about 6 carbon atoms and the other is high

molecular weight polyalkyl or Ry and Ry are hydrogen and one of R, and R; is lower

alky! and the other is high molecular weight polyalkyl.

15 Preferably, the high molecular weight polyalkyl proup has at least about 30 carbon
atoms (more preferably at least about 50 carbon atoms). Preferred high molecular
weight polyalkyl groups include polyisobutyl groups. Preferred polyisobutyl groups
include those having number average molecular weights of from about 300 1o about
5600, more preferably from about 900 to about 2500. Preferred lower alkyl groups

20 include melhy! and ethyl; especially preferred lower atkyl groups include methyl,

A particularly preferred class of olefin polymers comprises the polybutenes, which are

prepared by polymerization of isobutene. These polybutenes are readily available

commercial materials well known to those skilled in the art. Disclosures thereof will
25 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.

.25



25in the presence of a strong acid, such as sulfonic acid. See for example U.S. Patent No. 6,156,850.
Optionally, a solvent may be used to dissolve the reactants, The reaction solvent must be one which
dissolves bqth thg.agidig reactant and the high molecular weight olefin. 3Qtisneeessafsio dissolve
the acidic reactant and high molecular weight olefin so as to bring them into intimate contact in the
solution polymerization reaction. It has been found that the solvent must also be one in which the
resultant copolymers are soluble. Suitable solvents include liquid saturated or-aromatic hydrocarbons
having from about 6 to about 20 carbon atoms; ketones having from about 3 to about 5 carbon atoms;

and liquid saturateOb?Aialaasic:dihﬁima&@gxéw&@s@gbm%mmgg ﬂrgmnanaugrwgabamt 5 carbon
atoms per molecule, jf from bout | to a ut 3 %?I’E).O e}t&teg&&er molecule By "liquid" i
ifio

the e mer rf:fe anum
meant liquid under fﬁe con ns o g?ﬁ ymeriza o ao en tednh)?érocar ons, the halogens

are preferably on adpsEeatbetbErratents: 1Bye: H@I’dﬂé@ﬂ‘“ @%éﬁﬂf‘@@l“&%’ Be-dirbssiistint of solvent
must be such that ibkdin dissahdstheiacidimhdatianicsssubigh molebitakidusight olefin in addition to the
resulting copolygner;;‘b EB%M?!'&HE‘e ratio of solvent to high molecular weight olefin is 10suitably between
1:1 and 100:1 and is preferably between 1.5:1 and 4:1. Suitable solvents include the ketones having
from about 3 to about 6 carbon atoms and the saturated dichlorinated hydrocarbons having from about

| to about 5, more prefisreltifyiifesardboerizetis eipne3ooarisenadishoBsiinpieghbbadyatktlle solvents
include, but are notdipaiiachien ike@necsfrsm@'@@%m@m&@ﬁw@ﬁhwmtﬁg]ﬁha@wketone' and

methylisobutyketong g, oAl YISeAONB. ol S MARSIRIRNS: AN ialysne: 3 saurated

dihalogenated hydrocarbons, such as: diehloromethane; dibromomethane; 1 -bromo- chloroethane

1,1- d.bromoetﬂgneDéﬁtfﬁflamhfar&&h&a}#éngihfodﬂaﬁrBFd@eﬂaP%cqmgca%wﬁaﬁivéﬁawq
,2-dibromopropane sdiradideorith Rinpratlilip Fopamd, ts Zikdiskdobe pliotrandidint-diokiorbibeopane;

1,3-dichloropropangjgl- 9%@52@%@[@&%&«%&&@%&%@%flaé:-fﬂmfampentane; and
1,5-dichloropentane; or 304. mix{ efx%%; ieq v;ndi%UCh as: benzenem Eha}éltest@(lketone.

composmon ene 1somer Comprises at ie o, MOTE

preferably at least 70%, of the total olefin composition.

Such high molecular weight olefins are generally mixtures of molecules having
different molecular weights and can have at least one branch per 6 carbon atoms along
the chain, preferably at least one branch per 4 carbon atoms along the chain, and
particular]y preferred that there be about one branch per 2 carbon atoms along the

20 chain. These branched chain olefins may conveniently comprise polyalkenes prepared
by the polymerization of olefins-of from about 3 to about 6 carbon atoms, and
preferably from olefins of from about 3 10 about 4 carbon atoms, and more preferably
from propylene or isobutylene. The addition-polymerizable clefins employed are
normally 1-olefins. The branch may be of from about 1 to about 4 carbon atoms, more

25  usuvally of from aboui | to about 2 carbon atoms and preferably methyl.

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

more preferably the methylvinylidene isomer,

30 The especially preferred high molecular weight olefins used to prepare the
copolymers of the present invention are polyisobutenes which comprise at least about
20% of the more reactive methylvinylidene isomer, preferably at least about 50% and
more preferably at least about 70%. Suiteble polyisobuienes include those prepared
-6 -



The copolymer is conveniently separated from solvent and any unreacted acidic reactant by
conventional procedures such as phase separation, solvent distillation, - 31 - precipitation and the

like. If desiregd; dispessiag agents and/or co-solvents may be used during therfeesiéonkhbe
polyisobutenyl succinic anhydride (PIBSA), which may be directly added to 5copolymer reactant (i) or

(i), is generally prepared by a number of well-known processes including the method disclosed within.
For example, there is a well-known thermal process (see, e.g., U.S. Patent No. 3,361,673), an equally
well-known chlorination process (see, e.g., U.S. Patent. No. 3,172,892), a combination of the thermal
and chlorination proeagser; (aedyse. (Lhd hopdialen Meah3OYi2oBad)cCatabits thPstrong acid processes

(see, e.g., U.S. PatenkNes, A342i000 AshH:1aS: iR A ke adicali RIgGRsRe: (e, 9., U.S.
Patent Nos. 5,286,799 and 5,319,030 t.g%téch comgosmons include one-to-one monomeric adducts

(see, e.g., U.S. pat8RrRRsd B oF ek 338 0 48%E%Was high succinic ratio products, adducts

having alkenyl-derived substituents adducted with at least 1.3 succinic groups per 15alkenyl-derived
substituent (sees e.@replvaiiBale0sfNG»ds234,435). Polyalkylene succinic anhydrides also can be

produced thermally glso from high methylyinylidene polybutene as disclased.in U.S. Patent No.
155400, This aro e e B B R o the
succinic ratio 20is |Q&8HaH 2P ST Easidioaser sod THere e LB RS IRENGE Mo is greater

than 1.3. Europeanpggiicalicns rAO60S 8631ane EPiOB87381) HaditdrSURarertNMm. 5,523,417

disclose a procedurefpr syashing Rukie Relyspaleisanhvdridenresindragm polyalkylene succinic
anhydride prepared from 'high methylvinylidene polybutene. A polyalkylene succinic anhydride with a

succinic ratio of 1.0 is 75disclosed. One advantage of polyalkylene succinic anhydride from high
methylvinylidene polyBeristiengpide it Psnche prejsaverussevalHEE 61 e’ Q. S. Patent No.
4,234,435 teaches griftefely édnpatyal kere (6 ebiie deoasTHe esirgr ol itbradidnibarvavesage (M,) in the

range of from abou5{%%99.&%@Q%%QQJR&B%%&%&& aneseerialinpLleredipymber average

(M,,) range is from abOlIJt 1700 to 30about 2400. This g)atent also teaches that the succinimides must
have a succinic rati6°p° ymers, it 13 advaniageous 1o employ lower reaction temperatures.

15 '
The reaction may be conducted neat, that is, both the high molecular weight olefin,
acidic reactant and the free radical initiator are combined in the proper ratio, and then

stirred at the reaction temperature.

20 Alternatively, the reaction may be conducted in & solvent. Suitable solvents include
those in which the reactants end free radical initiator are soluble and include aceione,
tetrahydrofuran, chloroform, methylene chloride, dichloroethane, toluene, dioxane,
chlorobenzene, xylenes, or the hike, Afier the reaction is complete, volatile
components may be stripped off. When a solvent is employed, it is preferably inert to

25  the reactants and products formed and is generally used in an amount sufficient to

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

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

30 polymerization, e.g., suifur compounds, antioxidants and the like.
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of at least 1.3. That is, there should be at least 1.3 succinic groups per equivalent weight of
polyalkene-derived substituent group. Most preferably, the succinic ratio should be from 1.5 to 2.5.
Other suitakigyalinyhssccinic anhydrides includes those described in U.$cRaiennig16930,930.
Typical alkenyl used in the preparation are ethylene and 1-butene copolymers. (M The Ether
Compounds In one embodiment of the present invention, the copolymer may further be reacted with
an ether compound capable of linking two succinimide groups. Suitable ether compounds include, but
are not limited to, the following: Polyether Polyamines Examples of suitable polyctheramines include

compounds having fg:felloVBdopblyeiHesidR bénlde kdlatol byl fredViZe 41 1611A6F. Such

initiators are well known in the art, However, the choice of free radical. initiator may

be influenced by the reaction temperature employed.

5  The preferred free-radical initiators are the peroxide-type polymerization initiators
and the azo-lype polymerization initiators. Radiation can also be used to initiate the

reaction, if desired.

The peroxide-type free-radical initiator can be organic or inorganic, the organic

10 having the general formula: R;; OOR,3 where R;; is any organic radical and Ry; is
selected from the group consisting of hydrogen and any organic radical, Both Ry; and
Ry3 can be organic radicals, preferably hydrocarbon, aryl, and acyl radicals, carrying,
if desired, substituents such as halogens, etc. Preferred peroxides include di-tert-butyl

peroxide, dicumyl peroxide, and di-tert-amyl peroxide.

15
Examples of other suitable peroxides, which in no way are limiting, include benzoyl
peroxide; lauroyl peroxide; other tertiary butyl peroxides; 2,4-dichlorobenzoyi
peroxide; tertiary butyl hydroperoxide; cumene hydroperoxide; diacetyl peroxide;
acetyl hydroperoxide; diethylperoxycarbonate; tertiary butyl perbenzoate; and the
20 like

The azo-type compounds, typified by alpha,alpha’ -azobisisobutyronitrile, are also
well-known free-radical promoting materials. These azo compounds can be defined as
those having present in the molecule group --N=N-- wherein the balances are satisfied
25 by organic radicals, at least one of which is preferably attached to a tertiary carbon.
Other suitable azo compounds include, but are not Hmited 1o,
p-bromobenzenediazonium fluorcborate; p-tolyldiazoaminobenzene;
p-bromobenzenediazonium hydroxide; azomethane and phenyldiazonium halides. A
suitable list of azo-type compounds can be found in U.S. Patent No. 2,551,813, issued
30 May 8, 195] to Paul Pinkney.

The amount of initiator to employ, exclusive of radiation, of course, depends to a
large extent on the panticular initiator chosen, the high molecular olefin used and the
-928 -



15 wherein R14 is independently hydrogen or a hydrocarbyl group having from about | to about 4
carbons, and n is the degree of polymerization. Generally the polyether polyarnines suitable for use in

the present.pyepiionyyill contain at least about one ether unit, preferably fepyabgislaa g about 100,
more preferably from about 10 to about 50, and even more preferably from about 15 to about 25 ether

units. 20 The polyether polyamines can be based on polymers derived from C2-C6epoxides such as
ethylene oxide, propylene oxide, and butylene oxide. Examples of polyether polyamines are sold
under the Jeffamine(11) brand and are commercially available from Hunstman Corporation located in

Houston, Texas. 25RiharexmBpiesehsuitable-pelyeibsraminesaockidepolymxyairamethylene
polyamine compourds,aig i fplowing, Styelbie (CHALGR (CHAIR ISR L wherein n s the
degree of polymerization (1.e., number of monomer ether unlt\g. oliryetﬁre’r mine Derivatives
Furthermore, the cdp¥ilyih@td@d®tant may be reacted with a polyether amino alcohol or amino thiol. 10

Polyether Amino Alcohol Typically, amino alcohols may be formed when the alcohol end groups of a

compound are Bot caRIIaLY: LRBN eHiGH- AN SLAUNNSLAAAGHANS vRlk A% B ustive-amination.
Also, one may initiate a‘o&g)lélt e Chgér}rgl.e. rgw&ro{p&gqe or, ettgﬁl‘%r)])? oxide) from an amino group

(0 protiuce the desir ErFas S. in roxige as the .
and therefore have arf amino on one end of the po ymerp BERam e intatory and an alcohol terminus,

or an amine internailyjtitof B st S & RRRE ISR PrAThitEN BRI és Bf shsE olyetheramino
alcohols include compeubEShraxtagibe SOHOWAAGESINLEUMT Gigher and lower temperatures can be

employed, a suitable broad range of temperatures being between about 20°C and
10 about 200°C, with preferred temperatures between about 50°C and about 150°C.

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.

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

between 2 and 10 hours.

20 As noted above, the subject reaction is.a sclution-type polymerization reaction. The
high molecular weight olefin, acidic reactant, solvent and initiator can be brought
together in any suitable manner. The important factors are intimate contact of the high
molecular weight olefin and acidic reactant in the presence of a free-radical producing
material. The reaction, for exampie, can be conducted in a batch system where the

25  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 1o the reacior, Alternatively, the reactants may be combined in other
orders; for example, acidic reactant and initiator may be added to high molecular
weight olefin in the reactor. In another manner, the components in the reaction

30  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 series. In yet another
manner, the reaction may be carried out in a batch process, wherein the high
molecular weight olefin is added initially to the reactor, and then the acidic reactant

-20.



RisR15\ IH2IH2 H2N C C 0-C -C Ris 19210 C C OH /n 20 wherein Ris is independently a hydrogen
or hydrocarbyl group, having about 1 to about 4 carbons, and n is the degree of polymerization.
Generally, 8@ palyathetsamino alcohols, suitable for use in the present inpemtionaikenntain at least
about one ether unit, preferably from about 5 to about 100, more preferably from about 10 to 25about
50, and even more preferably from about 15 to about 25 ether units. Other examples of suitable
polyetheramino alcohols include polyoxytetramethyleneamino alcohol compounds having the following
structure: - 34 -

and the initiator are added gradually over time. The reaction can also suitably lake

place in a tubular-type reactor where the components are added at one or more points

along the tube.

5  Copolymer {iii
In one embodiment, copolymer reactant (iif) is obtained by a copolymer obtained by
() reacting compound (i){a) with compound (i)(b) or {i){c) in a non-free radical
catalyzed reaction in the presence of copolymer (i) or copolymer (i) or both; or by
(b) comacting copolymer (i) or copolymer (ii) or both with the non-free radical

10 catalyzed reaction product of compound (i)}a) and compound (i)(b) or (i){(c).

Freparation of Copelymer (iii)
A process for the preparation of copolymer (iii) is described, for example, in
Harrison et al,, U.S. Patent No. 6,431,920, which is herein incorporated by reference

15  inits entirety.

In process step {(a) above, any unreacted oiaﬁn,. generally the more hindered olefins,
i.e., the beta-vinylidene, that do not react readily with the monocethylenically
unsaturated C3-Cyy monocarboxylic acid or ester thereof, or Cy-Cyg dicarboxylic acid

20  oran anhydride or ester thereof, under free radical conditions, are reacted with
monoethylenically unsaturated C;—ng monocarboxylic acid or ester thereof, or C4-Cae
dicarboxylic acid or an anhydride or ester thereof, under thermal conditions, i.e., at
temperatures of from about 180°C to about 280°C. These conditions are similar to
those used for preparing thermal process PIBSA. Optionally, this reaction takes place

25  inthe presence of a strong acid, such as sulfonic acid. See for example U.S. Patent
No. 6,156,850.

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

be one which dissolves both the acidic reactant and the high molecular weight olefin.
30 It is necessary 1o disselve the acidic reactant and high molecular weight olefin so as 1o

bring them into intimate contact in the selution polymerization reaction. 1t has been

found that the solvent must also be one in which the resultant copolymers are sclable.
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WO 20091132250PCT/US2009/041631 H2N-(H2C)3- 0 (CH2)4-(CH2)4-011 wherein n is the degree
of polymerization Polyether Amino Thiol 5Examples of suitable polyetheramino thiols include

compoundsghgvingikedellowing structure: Ri6 H2NC R16 IH2H2 -Gs&feSr&bloyvhigrein 1216 is
independently a hydrogen or hydrocarbyl group, having from about 1 to about 4 carbons and n is the

degree of polymerization. Other examples of suitable polyetheramino thiols include
polyoxytetramethyle,neamino thiol having the following structure: H2NA.-(H20)3(CH2)4 0(CH2)4-
0-(CH2)4- SH wherein n is the degree of polymerization.

Suitable solvents include liquid saturated or aromatic hydrocarbons having from abowt

6 to about 20 carbon atoms; ketones having from about 3 to about 5 carbon atoms;
and liquid saturated aliphatic dihalogenated hydrocarbons having from about 1 to
about 5 carbon atoms per molecule, preferably from about | to about 3 carbon atoms
5 per molecule, By “liquid” is meant liquid under the conditions of polymerization. In’

the dihalogenated hydrocarbons, the halogens are preferably on adjacent carbon
atoms, By "halogen” is meant F, Cl and Br, The amount of solvent must be such that
il can dissolve the acidic reactant and high molecular weight olefin in addition to the
-resulting copolymers. The volume ratio of solvent to high molecular weight olefin is

10 suitably between 111 and 100:1 and is preferably between 1.5:1 and 4:1.

Suitable solvents include the ketones having from about 3 to about & carbon aloms
and the saturated dichlorinated hydrocarbons having from about 1 to about 5, more

preferably from about 1 1o about 3, carbon atoms.

15
Examples of suitable solvents include, but are not limiied 1o:
I ketones, such as: acetone; methylethylketone; dicthylketone; and
methylisobutylketone;
20 .
2. arornatic hydrocarbons, such as: benzene; xylene; and toluene;
3. saturated dihalogenated hvdrocarbons, such as: dichloromethane;
dibromomethane; 1-bromo-2-chloroethane; 1,1-dibromoethane;

25 1,1-dichloroethane; 1,2-dichloroethane; 1,3-dibromopropane;
1,2-dibromopropane; 1,2-dibromo-2-methylpropane; 1,2-dichloropropane;
1,1-dichloropropane; 1,3-dichloropropane; 1-bromo-2-chloropropane;
1,2-dichlorobutane; {,5-dibromopentane; and 1,5-dichloropentane; or

g 4, mixtures of the above, such as: benzenemethylethyiketone.

The copolymer is conveniently separated from soivent and any unreacted acidic
reactant by conventional procedures such as phase separation, solvent distillation,

-31-



Generally, the polyetheramino thiols suitable for use in the present invention will contain at least about
one ether unit, preferably from about 5 to about 100, more preferably from about 10 to about 50, and
even more prefexahlyzisom about 15 to about 25 ether units. 20 Ether Pols@rmiseg®ihssDinmines In
yet another embodiment of the present invention, the copolymer may be reacted  with ether
diamines. Suitable diamines are reacted with the copolymer, such as
25decyloxypropyl-1,3-diaminopropane, isodecyloxypropyl-1,3-diaminopropane, - 35 -
isododecyloxypropyl-1,3-diaminopropane, dodecylnetradecyloxypropyl- | ,3-diaminopropane,
isotridecyloxypropydretigtetiammmbibedrank destrd cibienassagoregms andiotlfarehispropaiie. BEther Triandnes
In yet another embeglimeant rbErenpresent invention, the copolymer may be reacted with ether
triamines. Suitable triamines include the following: 10(i) NH2 NH2 wherein ft. is CI-Cs; wherein x+y+z

=1-85. 15
' The polyisabutenyl succinic anhydride (PIBSA), which may be directly added to

5  copolymer reactant (i) or (ii), is generally prepared by a number of well-known
processes including the method disclosed within. For example, there is a well-known
thermal process (see, e.g., U.S. Patent No. 3,361,673), an equally well-known
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

10 strong acid processes (see, e.p., U.S. Patent Nos. 3,819,660 and 6,156,850}, and free
radical processes {se¢, ¢.g., U.S. Patent Nos. 5,286,799 and 5,319,030). Such
compositions include ene-to-oné monomeric adducts (see, e.g., 1.5, Patent
Nos. 3,219,666 and 3,381,022}, as well as high succinic ratio products, adducts
having alkenyl-derived substituents adducted with at least 1.3 succinic groups per

15 alkenyl-derived substituent {see, ¢.g., U.S. Patent No. 4,234,4335).

Polyalkylene succinic anhydrides also can be produced thermally also from high ‘
methylvinylidene polybutene as disclosed in U.S. Patent No. 4,152,499, This process |
is further discussed in U.S. Patent No. 5,241,003 for the case where the succinic ratio
20 isless 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 2 procedure for washing out the polymaleic anhydride resin
from polyalkylene succinic anhydride prepared from high methylvinylidene
polybutene. A polyalkylene succinic anhydride with a succinic ratic of 1,0 is
25 disclosed. One advantage of polyalkylene succinic anhydride from high
methylvinylidene polybutene is that it can be prepared essentially free of chiorine.
U.S. Patent No. 4,234,435 teaches a preferred polyalkene-derived substituent group
with a number average (M) in the range of from about 1500 to about 3200. For
polybutenes, an especially preferred number average (M,) range is from about 1700 to
30 about 2400, This patent also teaches that the succinimides must have a succinic ratio
of at least 1.3. That is, there shouid be at least 1.3 succinic groups per equivalent
weight of polyalkene-derived substituent group. Most preferably, the succinic ratio
should be from 1.510 2.5,
-132 -



wherein x+y+z = approx. 5-6; Triamincs of this type may be purchased from Huntsman Petrochemical
Corporation, Woodlands, Texas. Polyether Polyol 5In yet another embodiment of the present
invention, the £9pRlyMesmay be reacted with a polyether containing at leagttwe,hysliepsyk end groups
to form an ester. The polyether polyols have the following structure: R17Ri7 1112IHL2H2 HO-C-C 0-C
-CC-OH  wherein R17 is independently a hydrogen or hydrocarbyl group, having from about 101 to
about 4 carbons, and n is the degree of polymerization. Other examples of suitable polyether polyols
include polyoxytetrannethylene polyol compounds, such as those referred to as Terathance which may
be purchased from DuPont Corporation, Wilmington, Delaware, having the following structure: 15
(CH2)4-O(CH2)4_OHO&-@]£ suitable alkeny! suceinic anhydrides includes those described in U.S. Patent

- No. 6,030,930. Typical alkenyl used in the preparation are ethylene and {-butene

copolymers.
5
{BY  The Ether Compounds
In one embodiment of the present invention, the copolymer may further be reacted
with an ether compound capable of linking two succinimide groups. Suitable ether
compounds inciude, but are not limited to, the following:
10

Polyether Polyamines
Examples of suitable polyetheramines include compounds having the following

sirugture:

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

20
The polyether polyamines can be based on polymers derived from Cy-Cg epoxides
such as ethylene oxide, propylene oxide, and butylene oxide. Examples of polyether
polyamines are sold under the Jeffamine® brand and are commercially available from
Hunstman Corporation located in Houston, Texas.

25
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wherein n is the degree of polymerization. Suitable polyether polyols include, but are not limited to, the
following: ~ polyoxyethylene glycol, polyoxypropylene glycol, polyoxybutylenc glycol, and
20polyoxyteframatieng glycol. The number average molecular weight ofthe RigssRtamMployed
polyether polyol will generally range from about 150 to about 5000, preferably from about 500 to about
2000. 25 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 - 37. from about 10 to about
50, and even more preferred from about 15 to about 25 ether units. Generally, the polyether
compounds suitablefry; Usanpe e RrestnsiReRian-Ra:hasesues Faemaaly one ether type or a
mixture of ether typea .%%4%“ as gdxé%g‘% %@%fﬁ%}%é@&%}@?ne) diamine. The mixture of ether units
may be block, randgn'z or altermating copolymers. The presently employed ether compounds are
capable of reacting with at least two carboxyli¢ acid grpups or anhydride derivatives thereof. 10
Generally, the copolymer may i féeted With a4hexiye of iy 8ier piddyatiines, polyether amino

alcohols, polyether amino thiols, polyether polyols, or €ttier diamines to form a mixture of imides,
amides and esters. J&nAliRhatic:feopmerndriliioaiiphalie e sTRasasempoyad)n the present
invention has at least two functional groups, wherein one of the functional groups is capable of

reacting with atleast one monocarboxylie acid or ester thereof, or dicarboxylic acid, anhydride or ester
Polyether Amine Derivatives

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

or amino thiok.

10 Polyether Amino Alcohol
Typically, amino alcohols may be formed when the alcohol end groups of a
compound are not completely converted to amines during reactions, such as reductive
‘amination. Also, one may initiate a polymer chain (i.e. grow propylene or ethylene
oxide) from an amino group and therefore have an amino on one end of the polymer
15 chain (i.c. initiator) and an alcohol terminus, or an amine imternally in the molecule

with aleohol termini.

Examples of suitable polyetheramino alcohols include compounds having the
following structure:
Riys Ris Ras

Ha Ha . Ha
HpN e o § e (e G s G s © i G e € OH
H M H

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

25  about 30, and even more preferably from about 15 to about 25 ether units.

Qther examples of suitable polyetheramino alcohols include

polyoxytetramethyleneamino alcohol compounds having the following structure:
-4 -



thereof and wherein another functional group is capable of reacting with at least one 20post-treating
agent which is described hereinbelow. Preferably, the aliphatic compound will contain two or more
amino fUnct@Bagﬂgg(ﬁg&%(pr two or more hydroxyl functional groups or bOthPM%ngft{ﬂﬁ@Qy’ the
aliphatic compound will contain two or more amino functional groups. 25 Amino A ip(1at|c Compound In
addition to the ether compound (i.e. polyether polyamine, polyether polyamine derivative, polyether
polyol, ether diamines and ether triamine) above, the copolymer is also reacted with an aliphatic
compound. The aliphatic compound employed may be an amino aliphatic compound. 30 The amino
aliphatic compound may be selected from (a) aliphaticydiamines, (b) aliphatic polyamines or (c)
polyalkylene diamines and polyamines. Th¢ amino aliphatic compound will have at least two reactive
amino groups, that id W =35 Osadon ity Mo gi&dpelsard pretelably sriPhty amino
groups. Suitable examples include ethylenediamine, digiylene triamine, triethylene tetraamine,
hexamethylene diamine, aminoethyl piperazine, tetraethylene pentaminc, pentaethylene hexamine
and heavy polyamif@eiaip A Iy s ramsreof B DUl emical Company, Midland, 5 Michigan). Such
amines encompass isomers such as branched-chain polyamines, cyclic polyamines and
hydrocarbyl-substityiggl RelvamineseSince more than one primary or secondary amino group is
present, the reactiop con citio S'%QldlorlSti ichiam H%lssgtgﬂll | be such that ﬁil_ﬁlolylﬂ'li% IS maintained. 10
Hydroxyl Aliphatic omﬁoﬁndsflﬁ BAATI0n 16 the ether compoun'apﬁ.e. po?ye er aromatic compound)
above, optionally, tH&“€dFolymer may also be reacted with at least one aliphatic compound which may
be a hydroxyl aliphatic compound wigrein the/ hydnaxy! allphatic 15comggund has at least two
functional groups, wherein one of th fungztio al gropps i,§2 pable,%f redcting with at least one
monocarboxylic acid or este -ordi iC-a€id -griydrdE-or esterdhereof and wherein
another functional group is capable of reacting with at leasy one post-tre%ting agent which is described
hereinbelow. 20

N
wherein Riq is independently a hydrogen or hydrocarbyl group, having from about 1

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

10
Other examples of suitable polyctheramino thiols include
polyoxytetramethyleneamino thiol having the following structure:
HaN~(H,C)s—— O‘{(Cﬂz)f 0>—<CH2>4— O——(CHy)—SH
' n-1
wherein n is the degree of polymerization.
15

Generally, the polyetheramino thiols suitable for use in the present invention will
contain at least about one cther unit, preferably from about 5 10 about 100, more
preferably from about 10 10 about 50, and even more preferably from about 15 to
about 25 ether units, '

20

Ether Polyamines

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

25  decyloxypropyl-1,3-diaminopropane, isodecyloxypropyl-1,3-diaminopropane,
- 35-
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The multifunctional hydroxyl compounds used according to the process of the present invention may
contain primary, secondary or tertiary alcohols. Suitable hydroxyl aliphatic compounds include, but are
not limited tg;piveerab.2ppentaerythritol, trimethylol propane and the like.phggitionallys e hydroxyl
aliphatic compound could be a polyether containing at least two hydroxyl groups. Aliphatic Compounds
containini both an Amine Function and a Hydroxyl Function In another embodiment of the present
invention, the aliphatic compound may have at 30 least one amine group and at least one hydroxyl
group. Examples of such compounds include, but are not limited to, ethanol amine, diethanol amine,
trietheinol amine, anddthieckkeyphépihod-ehMiakingping Lubricating Oil Additive Composition The
lubricating oil additix&:&?ma&%@&9ra@#%sﬁﬁrsﬁdﬁmo%@é‘«&%,s comprising charging the reactant

Y, ( iii) a

copolymer (e.g., at Jeasf one of Copolymers (1), (ii) and (iii) as described herein) in a reactor, optionally
under a nitrogen pUt§EIEHIPRERIG ]a?'g’i‘gi‘ﬁﬁﬁrl"cfﬁffe%‘fﬁgﬁﬂrlﬁ’%@ﬁf BOCBPINBIPTFoC. Optionally,
diluent oil may be charged optionally under a nitrogen purge in the same reactor, thereby producing a
diluted copolymer rgaetania-lig amount of diluent oil in the diluted copolymer is up to about 80 wt. %,
more preferred from about 20 to about 60 wt. %, and most preferred from about 30 to about 50 wt. %.
Both an aliphatic compound and an ether compound are charged, 10optionally under a nitrogen purge,
to the reactor. This higtdRe TS FERRA bR e MG SOTGR: tB° SRANPEr At E5PaITge from about
I130C to about 200Cyi@ptientilniscvdoitabie isiapphetdodhthaipirwerdor about 0.5 to about 2.0 hours to
remove excess water. 15 The lubricating oil additive composition can also be made using a process
comprising simplta s ously charging all the reactants (reactant copolymer (i), (ii), or (iii); the aliphatic
compound; and the éther compoun% at the desired ratios into the reactor. One or more of the reactants
can be charged at an elevated température to facilitate mixing and reaction. A static mixer can be used
to facilitate mixing of the reactanty as Qare being charged to th@Heactor. The reaction is carried
out for about 0.5 to about 2 hours ‘at & temperajyre from apout 130 tjabout 200C. Optionally a

vacuum is applied to the reaction niixture during the keaction period\Sihce more than one functional
group is present on the aliphatic compound, the o] R

d.

NH>

Z

wherein R' is C1-Cy;

wherein x+y+z = | -85,
15

(i1}
NH2

c,%
y

CHs

NH,

Ha N
&)

CH,

wherein x+y+2 = approx, 3-8,
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25reaction conditions and/or stoichiometry should be such that oil solubility is maintained. For
example, since multifunctional aliphatic compounds are used, the linker group (i.e., the polyether
compound) gighthe Lopglymer are preferably charged to the reactor first aé@r%@ﬁ’ %H‘é‘ act prior to
addition of the multifunctional aliphatic compound. Furthermore, the stoichiometry should be such that
when the 30multifunctional aliphatic compound is charged to the reactor, there is generally about one
mole of reactive sites remaining per mole of the multifunctional aliphatic compound. 'This reaction
order and stoichiometry reduces excessive erosslinking by limiting the number of un-reacted reactive
sites in the co-polymasreladivadte e mdPh fwnhes Rbrcactivesitasandhenalifenctignal aliphatic
compound. Reducti%g)d‘leé(s:ejscsxigse crosslinking may decrease the probability of gel formation and
therefore increase the pré%ablllty of oil solubility. 5Post-Treatment of the Lubricating Oil Additive
Composition In one embodiment of the present invention, the lubricating oil additive composition is
post-treated with a pesttreatuighagent selected from a cyclic carbonate, a linear mono-carbonate, 'a

linear pO'Y-CaerHatﬁw@&%@@?@%ﬂ%&&E}EQJ%Q&&QQMIB&@Q’%QMP@Q? BIRNGPT Polycarboxylie
I

anhydride, or an aromatic mono- or 10polycarboxylic acid ester. Typical cyclic carbonates for use in
this invention includ th TABNTH T EA AR BTSSR R g oo e
4-methyl-1,3-dioxol BH¥2IkserbperBedaliyhE e 4uy droxymethy1-1,3-dioxolan-2-one;
4,5-dimethy1-1,3-dioxolan-2-one; Ja4-ethyl -2,3-digxp lam-2-one; 4,4-digethy1-1,3-dioxolan-2-one;
4-methyl-5-ethy1-1,3- dioxolan-2-o$e; 4‘§-di thyl-?.,3-di§>x lan-2-qne; 4}4-diethyl-1,3-dioxolan-2-one;
1,3- dioxan-2-one; 4,4-dimethyl-1,3-dio o=ty l-13-dioxan-5ane; 5,5-
dihydroxymethy1-1,3-dioxan-2-one" 5-methyl-1,3-dioxan-2fone; 4-methy-1,3- dioxan-2-one;
5-hydroxy-1,3-dioxan-2-one; 5-hydroxymethyl-5-methyl-1{3-dioxan-2- 20one;
5,5-diethyl-1,3-dioxan-2-one; 5-methyl-5-propy1-1,3-dioxar?2-one; 4,6- dimethy1-1,3-dioxan-2-one;
4,4,6-trimethy1-1,3-dheximR2r triedamadpiipflhBioge: 2+ hybiahdyapong-making fB3oaani'-cyclohexanone].
Other suitable gycli¢ catRepateshRRLREReRUL IO PSarEMIfEs such as sorbitol, glucose, fructose,
galactose and the like and from vicinal dials prepared from Ci -C30 olefins by methods known in the
art. 25

Other examples of suitable polyether polyols include polyoxytetramethylene polyol
compounds, such as those referred 1o as Terathane® which may be purchased from

DuPont Corporation, Wilmingtlon, Delaware, having the following structure:

HO=~(HC)g— 0“{(0“2)4'0}‘(3 Hp)g—OH
" n-1

wherein n is the degree of polymetization.

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

The number average molecular weight of the presently employed polyether polyol
will generally range from about 150 1o 2bout 5000, preferably from about 500 to
about 2000,
25
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
-37-



Several of these cyclic carbonates are commercially available such as 1,3-dioxolan-2- one or
4-methy1-1,3-dioxolan-2-one. Cyclic carbonates may be readily prepared by known reactions. For

example, re&gi%mﬁggﬁgene with a suitable alpha alkane diol or an alk%%,gggj@fgi%% a carbonate

for use within the scope of this invention as for 30instance in U.S. Pat. No. 4,115,206 which is
incorporated herein by reference. Likewise, the cyclic carbonates useful for this invention may be
prepared by transesterification of a suitable alpha alkane diol or an alkan-1,3-diol with, e.g., - 41 -
diethyl carbonate under transesterification conditions. See, for instance, U.S. Pat. Nos. 4,384,115 and

4,423,205 which argincarneratedReien My wiaranesiatdeeikdeasbing phthrRrenaration of cyclic
carbonates. 5Typical linear mono-carbonates include diethyl carbonate, dimethyl carbonate, dipropyl

carbonate and the IiKe: Typical linear poly-carbonates include poly(propylene carbonate) and the like.
Typical aromatic polycarboxylic anhydrides include 2,3 - pyrazinedicarboxylic 10anhydride; 2,3 -
pydridinedicarboxyliGeaskiyg tidaioB;dhe pysichoadicaibniedic eualiy dreges: seiphemdanhydside; isatoic

anhydride; phenryl syccini¢.anhydride . sengphtbalena.rctisanoydridei 1s 2, 4 - benzene tricarboxylic
anhydride and the like. Typical aromatic p%%gcarb(%xjic asl}‘lids inc udg the acids of the aforementioned

anhydrides. 15 TypREA GF NI H o RARS B AR L ey &7 RARER ST B A aTAte, diethy!
phthalate, dimethylhigy hdbmiaesalivrosinnsepalrinesy T rhpnkskatty, smoleocdtiptisiothpdards and mono

methyl phthalate. 2@dnc.ansiesthadime b pasi-b eating roan is.areysliasarenate or a linear mono-
or poly-carbonate. I@egv%mgqh%@gpdiment, the post-treating agent is an aromatic polyearboxylic acid,
anhydride or ester. Preterably, the lubricating oil additive composition is post-treated with a
post-treating Zé%gent that is selected from ethylene-carbonate, phthalic anhydride, or naphthalic
anhydride. Generally, the copolymer may be reacted with a mixture of polyether polyamines,

polyether amino aicohols, polyether amino thiols, polyether poiyo!s, or ether diamines

to form a mixture of imides, amides and esters.

15 (C) _ Aliphatic Compound

The aliphatic compound employed in the present invention has at least two functional

groups, wherein one of the functional groups is capable of reacting with at least

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

thereof and wherein another functional group is capable of reacting with at least one
20 post-treating agent which is described hereinbelow. Preferably, the aliphatic

compound will contain two or more amino functional groups or two or more hydroxyl

functional groups or both, More preferably, the aliphatic comiaound will contain two

or more amino functional groups.

25 Amino Aliphatic Compound
in addition to the ether compound {i.e. polyether polyamine, polyether polyamine
derivative, polyether polyol, ether diamines and ether triamine) above, the copolymer
is also reacted with an aliphatic Eompound, The aliphatic compound employed may
be an amino aliphatic compound. |

3¢
The amino aliphatic compound may be selected from (a) aliphatic diamines, (b)
aliphatic polyamines or (¢) polyalkylene diamines and poiyaminés. The amino
aliphatic compound will have at least two reactive amino groups, that is, primary or

-38 .



Typically, the post-treating agent (i.e., ethylene carbonate, phthalic anhydride, or 1,8- naphthalic
anhydride) is added to the reactor containing the lubricating oil additive 30composition and heated,
thereby produgcingeapesi-treated lubricating oil additive composition. OthpcAdsitivess1the following
additive components are examples of some of the components that can be favorably employed in the
present invention. These examples of additiVcs are provided to illustrate the present invention, but
they are not intended to limit it: 51.Metal Detergents Sulfurized or unsulfurized alkyl or alkenyl
phenates, alkyl or alkenyl aro atic sulfonates, borated sulfonates, sulfurized or unsulfurized metal salts
of multi-hydroxy alkytoudaikemiicgonratietoripabivdsiraiytninalkong. Bypdrbixyddrpiromatic sulfonates,

sulfurized or unsulfiydzadatd.esiatkanydaapbibenates, mekalsaksefalanaigaaidenetal salts of an

alkyl or alkenyl muléliamd and cht mical and physi allerpégynrt%% .%Qer%ot%eg‘.ﬁ&té-}%ﬂg’anpets %SAntl-omdants

amink, aminoethyl piperazine, {etrae . B
reduce the tendency ot mmeraff oits fo'de eribrate in service which deterioration Is evidenced by the
products of oxidatidiiakliEp ErataddraffaiabfsSivmieuéssaiebhomermidiifefaces and by an
increase in viscosityiithgn)pleshaiants-exdaapts isehit mdines prosded-rraantidreiictsde, but are not

limited to, phenol type:RARRIROXISRHRR IYRILALT ML A8 mines.

204,4'-methylene-t3){i%(2, -mert-butylp enoili)*,ty4,4'-bis(2,6-d%?ert-butylphenol),'
4,4'-bis(2-methyl-6-tert-butylphenol), 2,2'-methylene-bis(4-methyl-6-tert-butylphenol),
4,4'-butylidene-bis(Surreneys-baeend piIBNT 6fFondaryi sBpie Bt hRUSRY 2UB-HictdpRbutyphenol),
252,2'-methylene-bistditiost ayl/6r sonyuiphenothodid fe iseh iyl icie reubis(diondimataylphenol),
2,2'-5-methylepge-bis(4-methyl-6-cyclohexylphenol), 2,6-di-teft-butyl-4-methylphenol,

2,6-di-t‘ert-butyl-4-ethylphen?ll, 2,4-dimethy1-6-tert-butyl-phenol, 2,6-di-tert-lI-dimethylamino-p-cresol,
Hydroxyl Aliphatic Compound

In addition to the ether compound (i.¢. polyether aromatic compound) above,
optionally, the copolymer may also be reacted with at least one aliphatic compound
which may be a hydroxyl aliphatic compound wherein the hydroxy! aliphatic

15 compound has at least two functional groups, wherein one of the functional groups is
capable of reacting with at least one monocarboxylic acid or ester thereof, or
dicarboxylic acid, anhydride or ester thereof and wherein another functional group is
capable of reacting with at least one post-treating agent which is described
hereinbelow. '

20
The muliifunctional hydroxyl compounds used according to the process of the present

invention may contein primary, secondary or tertiary alcohols,

Suitable hydroxy! aliphatic compounds include, but are not limited to, glycerol,
25  pentaerythritol, trimethylol propane and the like. Additionally, the hydroxyl aliphatic

compound could be a polyether containing at least two hydroxy! groups.

Aliphaiic Compounds containing both an Amine Function and a Hydroxyl Function
In another embodiment of the present invention, the aliphatic compound may have at
30  least one amine group and at least one hydroxyl group. Examples of such compounds
. include, but are not limited to, ethanol amine, diethanol amine, triethanol amine, and
the like.
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302,6-di-tert-4-(N,NP-dimethylaminomethylphenol), 4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-methyl-6-tert-butylphenol), bis(3-methyl-4-hydroxy-5-tert-10-butylbenzyl)-sulfide, and

bis(3,5-di-tert- -4-hydroxybenzyl). Diphenylamine-type oxidation inhibi '
R e L

_ ﬁ&l&fay{ are not
limited to, a enylaminc, 5phenyl-alpha-naphthylamine, and alky alpha-naphthylamine.

Other types of oxidation inhibitors include metal dithiocarbamate (e.g., zinc dithiocarbamate), and |
5-methylenebis(dibutyldithiocarbamatc). Anti-Wear Agents 10As their name implies, these agents
reduce wear of moving metallic parts. Examples of such agents include, but are not limited to,

phosphates and thigphesphaiesand.salizitherest; saikaneiamoasters, and molybdenum complexes.
154.Rust Inhibitors n]tl-RustI A?ﬁnt iaeNﬁonlon!I.c lpigggx%g% Iean%suréfzggme glclirllvecﬁgﬁelgts:
polyoxyethylene ladiyfi SHFSH BoR/OXyEyIERE Tigher Alconol ether, polyoxyethylene Rofyl phenyl

ether, polyoxyethyl&raeeai shrnynetiies, 2irpoRrsafemylenevihiidmd(ibimdessidroxyethylene ley]
ether, polyoxyethyl@aeisaitekooenasiealstenqao lyaxyethylepe sorbitoinnonoesieadeyasid polyethylene
glycol mono-oleate ¢h) ihersaarBauRs 75'eadAfid And.oihes fawacids.digarhmiylic 25acids,

metal soaps, fatty acid amine salts, m_eta}l1 salts of hea\@/ sulfon§ acid, Q,’ilrtl | car oxeylic acid ester of
polyhydric alcohol, B Bt SR RE 8. {8 F 8 SBT3 PR B Ot 8P RRYiphenol and
ethylene oxide, polyexirethlienmeiikypeiflemtandasbybivirstrgrebimesdpbiedm abstd B0-wi4%,

more preferred from about 20 to about 60 wt. %%, and most preferred from about 30 to

about 50 wi. %. Both an aliphatic compound and an ether compound are charged,

10 optionally under a nitrogen purge, to the reactor. This mixture is 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,

15  The lubricating oil additive composition can also be made using a process comprising.
simultaneously charging all the reactants (reactant copolymer (i), (i), or (iii); the
aliphatic compound; and the ether compeound at the desired ratios into the reactor, One
or more of the reactants can be charged at an elevated temperature fo facilitate mixing
and reaction. A static mixer can be used to facilitate mixing of the reactants as they

20  are being charged to the reactor. The reaction is carried out for about 0.5 to about
2 hours at a temperature from about 130°C 0 about 200°C. Optionally a vacuum is

applied to the reaction mixture during the reaction period.

Since more than one functional group is present on the aliphatic compound, the

25  reaction conditions and/or stoichiometry should be such that oil solubility is
maintained. For example, since multifunctional aliphatic compounds are used, the
linker group (i.e., the polyether compound) and the copolymer are preferably charged
1o the reactor first and allowed to react prior 1o addition of the muhtifunctional
aliphatic compound. Furthermore, the stoichiometry should be such that when the

30 multifunctional aliphatic compound is charged to the reactor, there is generally about
one mole of reactive sites remaining per mole of the muitifunctional aliphatic
compound. This reaction order and stoichiometry reduces excessive crossiinking by
limiting the number of un-reacted reactive sites in the co-polymer relative to the
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WO 2009/132250PCT/US20091041631 6.Extreme Pressure Anti-Wear Agents (EP/AW Agents)
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25

30

number of reactive sites on the multifunctional aliphatic compound. Reduction of
excessive crosslinking may decrease the probability of gel formation and therefore

increase the probability of oil soiubility.

Post-Treatment of the Lubricating Oil Additive Composition
In one embodiment of the present invention, the Iubricating oil additive composition

is post-treated with a post-reating agent selected from a cyclic carbonate, a linear

mono-carbonate, a linear poly-carbonaie, an aromatic meno- or polycarboxylic acid,

~ an aromatic mono- or polycarboxylic anhydride, or an aromatic mono- or

polycarboxylic acid ester.

Typical cyelic carbonates for use in this invention include the fdliowing: 1,3-
dioxolan-2-one (cthylene carbonate); 4-methyl-1,3-dioxolan-2-one (propylene
carbonaie); 4-hydroxymethyl-1,3-dioxolan-2-one; 4,5-dimethyi-1,3-dioxolan-2-one;
4-ethyl-1,3-dioxolan-2-one; 4,4-dimethyl-1,3-dioxolan-2-one; 4-methyl-5-cthyl-1,3-
dioxolan-2-one; 4,5-dicthyl-1,3-dioxolan-2-one; 4,4-diethyl-1,3-dioxolan-2-one; 1,3-
dioxan-2-one; 4,4-dimethyl-1,3-dioxan-2-one; 5,5-dimethyl-1,3-dioxan-2-one; 5,5-
dihydroxymethyl-1,3-dioxan-2-one; 5-methyl-1,3-dioxan-2-one; 4-methyl-1,3-
dioxan-2-one; 5-hydroxy-1,3-dioxan-2-ong; 5-hydroxymethyl-5-methyl-1,3-dioxan-2-
one; 3,5-diethyl-1,3-dioxan-2-ong; 5-methyl-3-propyl-1,3-dioxan-2-one; 4,6~
dimethyl-1,3-dioxan-2-ong; 4,4,6-trimethyl-1,3-dioxan-2-one and spiro[1,3-oxa-2-
cyciohexanone-5,5%1',3'-oxa-2"-cycliohexanone]. Other suitable ¢cyclic carbonates may
be prepared from sacchrides such as sorbitol, glucose, fructose, galactose and the fike

and from vicinal diols prepared from C, -Cyp olefins by methods known in the art.

Several of these cyclic carbonates are commercially available such as 1,3-dioxolan-2-
one or 4-methyl-1,3-dioxolan-2-gne, Cyclic carbonates may be readily prepared by
known reactions, For example, reaction of phosgene with & suitable alpha alkane diol
or an alkan-1,3-diol yields a carhonate for use within the scope of this invention as for

instance in U.S. Pat. No. 4,115,206 which is incorporated herein by reference,

Likewise, the cyclic carbonates useful for this invention may be prepared by
transesterification of a suitable alpha alkane diol or an alkan-1,3-diol with, e.g.,
-4] -



25 10. 30 II. Alkyl methacrylate polymers and dimethyl silicone polymers. - 45 - WO
2009/132250PCT/US2009/041631 12. Metal Deactivators Disalicylidene propylenediamine, triazole

derivatives,yneseapigbapzothiazoles, thiadiazole derivatives, and mercapiehepzimiiageles. 13.
Dispersants Alkenyl succinimides, alkenyl succinimides modified with other organic compounds,

alkenyl succinimides modified by post-treatment with ethylene carbonate or boric acid, esters of
polyalcohols and polyisobutenyl succinic 10 anhydride, phenate-salicylates and their post-treated
analogs, alkali metal or mixed alkali metal, alkaline earth metal borates, dispersions of hydrated alkali
metal borates, dispergignsuftbalkalinkrearnimactahiorainttipolys)itde iashles Udisparsaats and the like

or mixtures of S“Ch@,'ﬁﬁ?ﬁ E%aaghs4,423,205 which are incorporated herein by reference for their teaching

of the preparation of cyclic carbonates.

5  Typical hnear mono-carbonates include diethyl carbonate, dimethy! carbonate,
dipropyl carbonate and the like. Typical linear poly-carbonates include

poly(propylene carbonate) and the like.

Typical aromatic polycarboxylic anhydnides include 2,3 — pyrazinedicarboxylic
10 anhydride; 2,3 — pydridinedicarboxylic anhydride; 3,4 —pyridinedicarboxylic
anhydride; diphenic anhydride; isatoic anhydride; phenyl succinic anhydride; 1-
. naphthalene acetic anhydride; 1, 2, 4 - benzene tricarboxylic anhydride and the like.
Typical aromatic polycarboxylic acids include the acids of the aforementioned
anhydrides.

Typical aromatic polycarboxyiié acid esters include dimethyl phihalate, diethyl
phihalate, dimethylhexyl phthalate, mono methylhexyl phthalate, mono ethyi
phthalate, and mono methy] phthalage.

20 Inone embodiment, the post-treating agent is a cyclic carbonate or a linear mono- or
poly-carbonate. [n another embodiment, the post-treating agent is an aromatic

polycarboxylic acid, anhydride or ester.

Preferably, the lubricating oil additive composition is posi-treated with a post-treating
25  ageni that is selected from ethylene-carbonate, phthalic anhydride, or naphthalic
anhydride.

Typically, the post-treating agent (i.c., ethylene carbonate, phthalic anhydride, or 1,8~
naphthalic anhydride} is added 10 the reactor containing the lubricating oil additive
30 composition and heated, thereby producing a post-treated Jubricating oil additive

composilion,
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15Lubricating Oil Composition The lubricating oil additive composition described above is generally
added to a base oil that is sufficient to lubricate moving parts, for example internal combustion

engines, geaxs zandi iragsmissions. Typically, the lubricating oil compositigapifiredoresent invention
comprises a major amount of an oil of lubricating viscosity and a 20minor amount of the lubricating oll
additive composition. The base oil employed may be any of a wide variety of oils of lubricating
viscosity. lie base oil of lubricating viscosity used in such compositions may be mineral oils or synthetic
oils. A base oil having a viscosity of at least 2.5 ¢St at 40C and a pour point 25below 20C, preferably
at or below 0C, is détieabliitihae base oils may be derived from synthetic or natural sources. Mineral

oils for use as the bagerqibin-fiadiveRERBRHIAR. J%@@mﬁ@n@amﬁi&i&plaa@mmmnd other oils

that are ordinarily utsieg in Igprlcaiiln GOI| GamR egg}lgggntgos%ggheeygmo '51% Odﬁq vdor example, both
hydrocarbon synthetic ol Sa s nthetic esters and mixttres thereot having the desired viscosity.

Hydrocarbon synth@fR&”&ﬁ%tMysffﬁfﬁ}B‘“epﬁFrék%\‘ﬁfﬂ@‘ S prepanay ‘ﬁ‘ﬁ’i’ﬁeﬂﬁ? ek iferization of

ethylene, - 46 - polyalphaolefin or PAO oils, or oils prepared from hydrocarbon synthesis procedures
using carbon monokide aN’G‘ﬁ;Rﬁ‘ﬁ@éh‘sgases such as in a Fisher-Tropsch process. Useful synthetic
hydrocarbon oils include liquid polymers of alpha olefins having the proper viscosity. Especially useful

are the hydrogenated liquigh QUQOMPRRRLSEd NG e ARk %ﬁgéssmtjq 8sakdgeapmdtiner. Likewise,
alkyl benzenes of proper VIFfCOSI'[ suc aﬁfd|dodeC}/tjml_:)ergizeneéu(fgdr useF aPsefful synthetic esters

ate. Drale 1 O un ized meta
include the esters of mondcar oxylic acids an ycar oxylic acids, as well'as mono-hydroxy alkanols

and polyols. Typical exan'ifmBshaﬁé’éﬁd’ﬁﬂ‘é@w&mp&@“ﬂéﬁ@éﬁﬂ%?ﬁ&%&é&%?ﬁﬁt@"ﬂmethylhexyl
adipate, dilaurylsebacate apatitbsiliseas onplexce stansd fufrapakeidbirobanmixipisesrafesnono and

dicarboxylie acids and mqne, angl.difydroxy alsanols can.aleg be HsediBlandsatmingral oils with

synthetic oils are also useful. _ Thus, the hase oil can be a refined paraffin type base oil, a refined
naphthenic base oil, or a §Wf%&ﬁ‘ﬂﬁﬁ¥ﬂ&%{mb"ﬁ“§ﬁ HBFHydrocarbon oil of lubricating viscosity. The
15base oil can also be a mixture of mineral and synthetic oils.

2, Anti-Oxidants

15 Anti~_ox’idants reduce the tendency of mineral oils to deteriorate in service
which deterforation is evidenced by the products of oxidation such as sludge
and varnish-like deposits on the metal surfaces and by an increase in viscosity..
Examples of anti-oxidants useful in the present invention include, but are not
limited to, phenol type {phenolic) oxidation inhibitors, such as

20 4 4'-methylene-bis(2,6-di-tert-butylphencl), 4,4'-bis(2,6-di-tert-butylphenol},
4 4'-bis(Z-methyl-6-tert-butylphenol),
2,2'-methy1¢nc—bis(4-methyl-6—1er.t-butylphcnol),
4,4"-butylidene-bis(3-methyl-6-tert-butylphenol),
d4,4'-isopropylidene-bis(2,6-di-tert-butyiphenocl),

25 2,2-methylene-bis{(4-methyl-6-nonylphenol),
2,2'-isobutylidene-bis(4,6-dimethylphenol),
2.2'-5-methylene-bis(d-methyl-6-cyciohexyiphenol),
2,6-di-tert-butyl-4-methyliphenol, 2,6-di-tert-butyl-4-ethylphenol,

2. 4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-}-dimethylamino-p-cresol,

30 2,6-di-tert-4-(N,N'-dimethylaminomethylphenol), .

4 4'-thiobis(2-methyl-6-tert-butylphenot),
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Method of Use of the Present Invention The lubricating oil additive composition of the present
invention is added 10 an oil of lubricating viscosity thereby producing a lubricating oil composition. The

lubricating qil¢aspesitign contacts the engine, improving dispersancy. Ageordigghbshgpresent
invention is also directed to a method of improving soot dispersancy, sludge dispersancy or both in an

internal combustion engine which comprises operating the engine with the lubricating oil composition
of the invention. 250ptionally, the lubricating oil additive composition described above may be used as
a fuel additive. When used in fuels, the proper concentration of the additive that is necessary to
achieve the desired detergeasyisdepsindentuboryghvssipty of factors including the type of fuel used,

the presence of other detgrgents,of dispessants o ehenadditvassgiGgenerally, however, the range
of concentration of the additive in the BOP fuel is 10 t ,000 wei arts per million, preferably

) e 1 1 ht
from 30 to 5,000 parts pelF'?{ﬁiﬁE?h“Sﬁ?\%ydg'g’Pfﬂfgﬂ?WgrOH%?g é%”?g‘%%&sp?é‘é {P"a lesser amount of
the additive may be usedinffititoatiditiviss e aemiobiptisadn sikalpsé dohmylarteas a fuel concentrate,

using an inert sgable oleophilia-spiveniphoiliagiie, the MaoRehpaeubsh ki) GR8hRS.6-204.4C).
Preferred solvents boil in &P&%@ﬁ&!iﬂﬁiﬁ%’in@?ﬁc@“&'@e(ﬁ%ﬂﬁio@ﬁ@ﬂﬁ?%:_gar%igj:iphatic or an aromatic

hydrocarbon solvent is used, such as a benzene, toluene, xylene or higher-boiling aromatics or
aromatic thinners. Aliphafithfeshoness ﬁﬁb{ﬁ'@eféyéeﬁﬁ’ﬁ@ﬁ%dﬂfgfogﬂ&ﬁ%isopropanot,

5isobutylcarbinol, n-butanol and the like in combination with hydrocarbon solvents are also suitable for
use with the fuel additive Alnitheduseancentrate, the amount of the additive will be ordinarily at least 5
% by weight and generally not exceed 70 % by weight, preferably from 5 to 50 and more preferably
from 10 to 25 \%t. A. 10Th§ following exam Igs are pres nted to iklustrateﬁf?eii;ific embodiments of this
invention and are not to BE ESHSHFIEATR SRy \Way e imitig Tha Scope s e & fon. EXAMPLES 15
Example | (Comparative)Examples of such agents include, but are not limited to, phosphates and

thiophosphates and salts thereof, carbamates, esters, and molybdenum

complexes,
15 4, Rust Inhibitors (Anti-Rust Agents)

a) Nonionic polyoxyethylene surface active agents: polyoxyethylene
lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene
nonyl phenyl ether, polyoxyethylene octyl phenyl ether,

20 polyaxyethylene octyl stearyl ether, polyoxyethylene oley] ether,
polyoxyethylene sorbitol monoestearate, polyoxyethyiene sorbitol

mono-oleate, and polyethylene glycol mono-oleate.

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

phosphoric ester.

5. Demulsifiers
30
Addition product of alkylphenol and cthylene oxide, poiyoxyeihyléne alkyl

ether, and polyoxyethylene sorbitan ester.
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Polysuccinimide Derived from 1000 MW PolyP1BSA, Polyetherdiamine and Heavy Polyamine 20 A 2
L glass reactor was charged with polyPIBSA derived from 1000 MW FIB (610.92 g; available from

Chevron Or%tgmlghg‘))zg#d Exxon 100N base oil (793.45 a The solution Vﬁﬂ%ﬁ%g/&qgﬁr a nitrogen
atmosphere to 160C. Jeffamine XTJ501 polyetherdiamine (151.60 g; available from Huntsman) was

then added and mixture heated for 1 h. A vacuum (<20 mm Hg) was applied for 30 minutes at 160C.
25 The vacuum was released and then heavy polyamine (36.66 g) was added to the reactor. The
mixture was heated at 160C for 1 h. A vacuum (<20 mm Hg) was then applied for 30 minutes at 160C.

Analysis of the finalgrodugtfopng.thgolonvine: Wissasite 21w QQnt)43.16 ¢St 30 Nitrogen content =
1.09 wt % Total Base Number (ASTM D 2896) = 25.77 mg KOHig Example 2 Phthalic Anhydride

Post-Treated Polysuccinimide Derived from 1000 MW PolyPIBSAJPolyetherdiamine/Heavy Polyarnine
5 A 500 mL glass reactor SvHurizné eldipwatpc g ccditienbreRpolerirgnrkytesenrdtith Example | and
heated to 160C under a nitkpgeniatmoseheiphdiithaliceambyisl icieh(b:36 g ravailtdreafedam

Sigma-Aldrich) was add?qaﬁﬁ'ﬁﬂa@&mi}%\é‘@éﬂﬁ@;{%@ﬁéa@%ﬁ%r@t& Analysis Qf the final product
found the following: 10 Viscaosity at 100C = 702.2 cSt, Total I?E)%se Nugwst?}%{;fla 4 rr;gtKOI-Ug Example

[ 18
3 15Ethylene Carbonate ‘fgggﬁifP@ﬁ’t’@ﬁzﬁ%‘f?gfi’é‘éfﬁ?rﬁfg’é(’ﬁos ates, an (E¢ pROSpIALes.

7. Friction Modifiers

" 10 Fatty alcohol, fatty acid (stearic acid, isostearic acid, oleic acid and other fatty
acids or salts thereof), amine, borated ester, other-esters, phosphates, other

phosphites besides tri- and di-hydrocarby! phosphites, and phosphonates.

8. Multifunctional Additives
15
Sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
organo phosphorodithioate, oxymolybdenum monoglyceride, oxymolybdenum
diethylate amide, amine-molybdenum complex compound, and
sulfur-containing molybdenum complex compound.
20

9. Viscosity Index lmprovers

Polymethacrylate type polymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,

25 - polyisobutylene, and dispersant type viscosity index improvers.
10.  Pour Point Depressants
Polymethyl methacrylate,
30

11, Foam Inhibitors

Alkyl methacrylate pelymers and dimethy] silicone polymers.
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Derived from 1000 MW PolyPIBSA/Polyetherdiamineil-leavy Polyamine A 500 mL glass reactor was
charged with polysuccinimide (392.34 g) as prepared in 20 Example 1 and heated to 160C under a

nitrogen atasphipre:Ehylene carbonate (14.23 g) was added over 1 h apd6@€x0dhesmpiture was
heated at 160C for additional 7 h. Example 4 (Comparative) 25Polysuccinimide Derived from 2300
MW PolyPIBSA, Polyetherdiamine and Heavy Polyamine A 2-L glass reactor was charged with
polyPII3SA derived from 2300 MW (1183.18 g; available from Chevron Drank, LLC) and Exxon 100N
base oil (129.66 30 g). The solution was heated under a nitrogen atmosphere to 160C. Jeffamine
XTJ501 polyetherdiamine (141.71 g) was added and the mixture was heated at 160C for 1 h. A
vacuum (<20 mm Hg) wagsanpiediiai.d minutes at 160C. The vacuum was released and then heavy
polyaminc (34.27 g) was then added to the reactor. The - 49 - mixture was heated at 160C for | h. A

vacuum (5. 20 mm Hg) was applied for 30 minutes at 160C. Analysis of the final product found the

following: Viscosity at 108salieygene pRnsienadapite Jitet 94 Y40"6t % Total Base Number 24.04 mg
KOH/g Exampfe 5 mBhgiaherpthixiride Podbie dtedaPoiysndamivaeb idBridaeddrom 2300 MW
PolyPIBSA/Polyetherdiamine/Heavy Polyamine ‘

13, Dispersants
Alkenyl succinimides, alkeny! succinimides modified with other organic
compounds, alkenyl succinimides modified by post-treatment with ethylene
carbonate or boric acid, esters of polyalcohols and polyisobutenyl succinic
10 anhydride, phenate-salicylates and their post-treated analogs, alkali metal or '
mixed alkali metal, alkaline earth metal borates, dispersions of hydrated alkali
metal borates, dispersions of alkaline-earth metal borates, polyamide ashless

dispersants and the like or mixtures of such dispersants.

15 Lubricating Qi Composition
The lubricating oil additive composition described above is generally added 1o a base

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

20 minor amount of the iubricating oil additive composition.

The base oil employed may be any of a wide variety of oils of lubricating viscosity.

The base oil of lubricating viscosity used in such compositions may be mineral oils or

synthetic oils. A base oil having a viscosily of at least 2.5 ¢8t at 40°C and a pour point
25  below 20°C, preferably at or below 0°C, is desirable. The base oils may be derived

from synthetic or naturai sources.

Mineral oils for use as the base oil in this invention include, for example, paraffinic,
naphthenic and other cils that are otdinarily used in lubricating oil compositions.

30 Synthetic oils include, for example, both hydrocarbon synthetic oils and synthetic
esters and mixtures thereof having the ;icsired viscosity. Hydrocarbon synthetic oils

may include, for example, oils prepared from the polymerization of ethylene,
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A 500 mL glass reactor was charged with polysuccinimide (351.48 g) as prepared in Example 4 and
heated to 160C under a nitrogen atmosphere. Phthalic anhydride 1$(4.38 g) was added and the

mixture washeaieslai.k§0C for 2 h. Analysis of the final product found the fgllgwing;sYissosity at 100C
= 696.2 cSt Total Base Number = 18.44 mg KOH/g 70 Example 6 Ethylene Carbonate Post-Treated

Polysuccinimide Derived from 2300 MW PolyPIBSA/Polyetherdiamine/Heavy Polyamine 25 A 500 mL
glass reactor was charged with polysuccinimide (390.21 g) as prepared in Example 4 and was heated
to 160C under a nitrogen atmosphere. Ethylene carbonate (14.15 g) was added over 1 h at I60C. The

mixture was heatedpaty 161k KD B, 21k plepafeX HAR IS Trd2AMNPaAAKAER) Prbssracinimidc

Derived from 2300 MW, Terpolymer PIBSA, Polyet lapine and Heavy Palyamine 5 A 1 L reactor
was charged with ter&)%yﬁwgégr PIBSA éeh?ve”orl frg(?én %%% MW I\!IB_ 345.20 ;s%vailable from Chevron

Oronite, LLC). The BBfisfibn WES Pricetf tirtiesas oty Rl snlissphratemaaiihaaied'ed60C. Jeffarnine
XTJ-501 polyetherdcharinig g 82b B9 Gyonas thamnckdided oy ere 18 miduotesatdhigpiddligenwas heated at

160C for 1 h. Ayacyut28 /aphd iadnas.apRlieg.aind 606l ok RINKS SrchBGMaR WEVaS
viscosity, such as didodecy! benzene, can be used. Useful synthetic esters include the
esters of monocarboxylic acids é.nd polycarboxyhic acids, as well as mono-hydroxy
alkanols and polyols. Typical examples are didodecy! adipate, pentaerythritol
tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like. ‘Comptex esters
10 prepared from mixtures of mono and dicarboxylic acids and mono and dihydroxy

alkanols can also be used. Blends of mineral oils with synthetic oils are also useful.
Thus, the base oil can be a refined paraffin type base oil, a refined naphthenic base
oif, or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating viscosity. The

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

Methéd of Use of the Present Invention

The lubricating oil additive composition of the present invention is added 10 an oil of
lubricating viscosity thereby producing a lubricating oil composition. The lubricating
20 oil composition comacts-the engine, improving dispersancy. Accordingly, the present
invention is also directed to a method of improving soot dispersancy, sludge
dispersancy or both in an internal combustion engine which comprises operating the

engine with the lubricating oil composition of the invention.

25  Optionally, the lubricating oil additive composition described above may be used as a
fuel additive. When used in fuels, the proper concentration of the additive that is
necessary to achieve the desired detergency is dependent upon a variety of factors
including the type of fuel used, the presence of other detergents or dispersants or other
additives, etc. Generally, however, the range of concentration of the additive in the

30 base fuel is 10 to 10,000 weight parts per million, preferably from 30 to 5,000 parts
per million of the additive. If other detergents are present, a lesser amount of the
additive may be used. The additives described herein may be formulated as a
fuel concentrate, using an inert stable oleophilic solvent boiling in the range of about
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10 released and heavy polyamine (20.56 g) was then added to the solution over 10 minutes. The
mixture was heated at 160C for 1 h and then a vacuum (24 mm Kg) was applied for 45 min at 160C.
Example 8 %&f’m@ﬁ@hydride Post-Treated Polysuccinimide Derived figm 23QQ0JMW;Ferpolymer
P113SA/Polyetherdiamine/Heavy Polyamine The product of Example 7 was charged in a | L reactor
and heated to 160C under a 20 nitrogen atmosphere. Phthalic anhydride (8.31 g) was added and the
mixture was heated at 160C for | h. A vacuum (20 mm Hg) was then applied for 30 minutes. Example
9 Naphthalic Anhydride Post-Treated Polysuccinimide 25Derived from 2300 MW
Terpolymer PIBSA/Polyethersiamieitdy Ardidd korenatbsiniashehasged witheterpelysmes, PIMA derived

from 2300 MW P113 (334,86, 0);; availalie, Tam.Ghevron Qi dieed: Kak.d R.Rolution was placed under
a 30 nitrogen atmosphere and heated to 160C. Jeffamine XTJ-501 polyetherdiamine (43.39 g) was

then added over 10°RifHfeS  FhR ¥HIKR6 R MBI RO R AT IR BT ISP TRIA DHEEEM (<20 mm Hg) was
applied at 160C for Birhiirdesholivd sttt fradrelemadishdtiemryrpatiyamine (9.79 g) was then

added to the mixturRRUBAHHBUIES.12Rd! and B MMbtESWasRAaaN AR AG-iboivdand then a
vacuum (<20 mm Hg) wa lied for in.at, 160C eyacuum was elease naphthalic
anydiice (532 g) e RTToTE MR RS L R B L 60c for

h. A vacuum (CO nfifiiy) WhsaRetnapy e lf 40 30 iriehsan! et sreshipatdtive)
Polysuccinimide Desied,fperfar2300rdvi\Y (¢ 80potyimer RABSHy Polyethediamiae and Diethylenetriamine

10 The following examples are presented to illustrate specific embodiments of this
invenlion and are not 1o be construed in any way as limiting the scope of the

invention.

EXAMPLES

Example 1 (Comparative)
Polysuccinimide Derived from 1000 MW PolyPIBSA,

Polyetherdiamine and Heavy Polyamine

20 A 2 L glass reactor was charged with polyPIBSA derived from 1000 MW PIB
{610.92 g available from Chevron Oronite, LLC) and Exxon 100N base oil (793.45
g). The solution was heated under a nitrogen atmosphere to 160°C. Jeffamine® XTI-
301 polyetherdiamine (151.60 g; available from Hunisman) was then added and
mixture heated for 1 h. A vacuum (< 20 mm Hg) was applied for 30 minutes af 160°C.
25  The vacuum was released and then heavy polyamine (36.66 g} was added to the
reactor. The mixture was heated at 160°C for 1 h. A vacuum (< 20 mm Hg) was then

applied for 30 minutes ai 160°C. Analysis of the final product found the foliowing:
Viscosity at 100°C = 43.16 ¢St

30 NWitrogen content = 1.09 wi %
Total Base Number (ASTM D 2896) =2577 mg KOM/g
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(DETA) 10 A 1 L reactor was charged with terpolymer PIBSA derived from 2300 MW PIB (445.69 Q)
available from Chevron Oronite, LLC). The mixture was placed under a nitrogen atmosphere and

heated to 169G »dgffamipe XTJ-50I polyetherdiamine (57.55 g) was then agieieg9wesdadninutes. The
mixture was heated at 160C for | h. 15 A vacuum (CO mm Hg) was applied at 160C for 30 minutes.

The vacuum was released and the reactor was cooled to 95C. DETA (4.89 g) was then addéd to the
mixture. The mixture was heated to 160C and this temperature was maintained for 1 h. Then a
vacuum (CO mm Hg) was applied for 37 mm at 160C. 20Example 11 Phthalic Anhydride
Post-Treated Polysuccinimide Derived from 2300 fssfe2polytner PIBSA/Polyetherdiamine/DETA 75

A 0.5 L reactor was charged th teggolymer R IBaApdarived i onn¢300:MMé NB (296.53 g) available
from Chevron Oronite, LLC). The solution was placed u%ﬁrﬁ\{;ltrogen atmosphere and heated to

160C. Jeffamine XTJ-50I polyetherdiamine (%'2‘51; Was then added over 8 minutes. The mixture was
heated at 160C for 1 h. A vacuum {S@° i Mglywkesdigrplied sy 80find0 minutes. The vacuum was
released 30 and the reaction mixture was cooled to 95C. DETA (3.25 g) was then added to the mixture

over 3 minutes. The, giglfie $36 DERIPAIOA0G A0H IemR(ABNES BAINRINGAIRY . Then a

vacuum (<20 mm H%) was a plied for 30 min e vacuum was refeased and phthalic

anhydride (3.52 g) B’Gdba”%ﬁamtﬁla%%ﬁl% ungls_ \HAO4Ra AP 0 B 8y RS cuum (CO
mm Hg) was then a3t foriBdiminuteSigmeahidrieh] a5 Kot thrali thA ntiydriderd? dseiddeated

Polysuccinimide Derggetfam. %QQ,MW;};@mgj}gmﬁ&f&,ﬁ&{ﬁqumﬁgdiamine/DETA The 269.11 g of

product of Example 10 was charged in a 0.5 L reactor and heated to 10 160C under a nitrogen
atmosphere. Naphthalic anhydride (3.78 g) was added and the mixture was heated at 160C for 1.5 h.
A vacuum (CO mm Yi§pivag 88rCappifed ¥ 30 minutes.

Total Base Number = 19.64 mg KOH/g

Example 3
15 Ethylene Carbonate Post-Treated Polysuccinimide

Derived from 1000 MW
PoiyPIBSA/Polyetherdiamine/Heavy Polyamine

A 500 mi glass reactor was charged with poiysuccinimide (392.34 g) as prepared in

20 Example | and heated to 160°C under a nitrogen atmosphere. Ethylene carbonate
(14.23 gy was added over 1 h at 160°C. The mixture was heated at 160°C for
additional 7 h.

Example 4 {(Comparative)
25 Polysuccinimide Derived from 2300 MW PolyPIBSA,

Polyetherdiamine and Heavy Polyamine

A 2-L glass reactor was charged with polyPIBSA derived from 2300 MW PIB
(1183.18 g; available from Chevron Oronite, LLC) and Exxon 100N base oil (129.66
30 g). The solution was heated under a nitrogen atmosphere to 160°C. Jeffamine® XTJ-
501 polyetherdiamine (141.71 g} was added and the mixture was heated at 160°C for
1 h. A vacuum {< 20 mm Hg) was applied for 30 minutes at 160°C. The vacuum was
released and then heavy polyamine {34.27 g) was then added to the reactor. The
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Soot Thickening Bench Test Results 15 The polysuccinimides and post-treated polysuccinimides from
Examples 1-12 were reacted in the soot thickening bench test, which measures the ability of a

formulation {pglispeise,and control viscosity increase resulting from the aggigqraf;saiRen black, a
soot surrogate. In this test, 98.0 g of the lest sample was weighed and placed into a 20 250 mL

beaker. The test sample contained 7.6.wt. % of the test dispersant, 50 millimoles of an overbased
phenate detergent, 18 millimoles of a zinc dithiophosphate wear inhibitor and 7.3 wt. % of a VI
improver, in 85% I 50N oil, 15% 600N oil. To this was added 2,0 g Vulcan XC-724 carbon black from
Cabot Co. The mixturietiasatiseaddnd sotn fstared AovatBuhowr a(nmdepsicatespliissasond sample

without the 25 carbp.hlack Y%@Wli’é@f}sﬁ?Bﬁt@éﬁ&@?%ﬁ&?%&@awimrPP'ytmn Homogenizer-Model

PF 45/6 and then degassed in a vacuum overt for 30 minutes at 50 to 55C. The viscosity of the two
samples was then measured at 100C using a capillary viscometer. The percent viscosity increase was
calculated by compXFestbietVESsity3t&he samples with and without carbon black. Thus, the lower
the percent viscosityia0peeasathe iplieythe dispersancy of the dispersant. The results from the soot

thickening bench tegf are shawn,in I@Q}@é Ly ngéﬁbg) Example Description Post- Treatment Soot
Thickening % Vise. Increase 1 '

LExample 3
Phthalic Anhydride Posi-Treated Polysuccinimide

10 - ) Derived from 2300 MW
Pc‘!yPIBSmolyetherdiamineﬂ«ieavy Polyamine

A 500 mL glass reactor was charged with polysuccinimide (351.48 g) as prepared in
Example 4 and heated to 160°C under a nitrogen atmosphere. Phthalic -anhydride

15  (4.38 g) was added and the mixture was heated at 160°C for 2 h. Analysis of the final
product found the following:

Viscosity at 100°C = 696.2 ¢St
Total Base Number = 18.44 mg KOH/g

Example 6
Ethylene Carbonate Post-Treated Polysuccinimide

Derived from 2300 MW
PolyPIBSNPoEyciherdiamineﬂieavy Polyamine

25
A 500 mL glass reactor was charged with polysuccinimide (390.21 g) as prepared in
Example 4 and was heated to 160°C under a nitrogen atmosphere. Ethylene carbonate
(14.15 g} was added over | h at 160°C. The mixture was heated at 160°C for
additional 5.5 h.

30
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1000 MW POIlyPIBSA/XTJ-501/HPA 128.80 2 1000 MW PolyPIBSADCT.1-501/HPA PA' 25.24 3 1000
MW PolyPIBSART.1-501/HPA EC2 38.25 4 2300 MW PolyPIBSA1XT.1-501/HPA 105.10 5 2300 MW

PolyPIEISARKT 15 1sh5iBA PA 16.69 PCT/US2009/041631

Example 7 (Comparative)

Polysuccinimide Derived from 2300 MW Terpolymer
PIBSA, Polyetherdiamine and Heavy Polyamine

5 A1 L reactor was charged with terpolymer PIBSA derived from 2300 MW PIB
(645.22 g, available from Chevron Oronite, LL.C). The sofution was placed under a
nitrogen atmosphere and heated to 160°C. Jeffamine® XTJ-501 polyetherdiamine
(84.59 g) was then added over 15 minutes. The mixture was heated at 160°C for | h.
A vacuum (22 mm Hg) was applied at 160°C for 45 minutes. The vacuum was

10 released and heavy polyamine (20.56 g} was then added to the solution over 10
minutes. The mixiure was heated at 160°C for 1 h and then a vacuum (24 mm Hg)

was applied for 45 min at 160°C.

Example 8
15 Phthahic Anhydride Post-Treated Polysuccinimide

Derived from 2300 MW Terpolymer
PIBSA/Polyetherdiamine/Heavy Polyamine

The product of Example 7 was charged in a | L reactor and heated to 160°C under a
20  nitrogen atmosphere, Phthalic anhydride (8.31 g) was added and the mixture was
hedted at 160°C for | h. A vacuum (20 mm Hg) was then applied for 30 minutes.

Example 9
Naphthalic Anhydride Post-Treated Polysuccinimide

25 Derived from 2300 MW Terpolymer
PIBSA/Polyetherdiamine/HPA

A 0.5 L reactor was charged with terpolymer PIBSA derived from 2300 MW PIB
(334.86 p); available from Chevron QOronite, LLC). The solution was placed under a
30 nitrogen atmosphere and heated to 160°C. Jeffamine® XTJ-501 polyectherdiamine
(43.39 g) was then added over 10 minutes. The mixture was heated at 160°C for 1 h.
A vacuum (<20 mm Hg) was applied at 160°C for 30 minutes. The vacuum was
released and heavy polyamine (9.79 g) was then added 1o the mixture over 7 minutes,
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6 2300 MW POtyPIBSAJXT.1-501/14PA EC 28.58 7 2300 MW Terpolymer PIBSADO1- 49.76
501/HPA 2300 MW Terpolymer PIBSATXTJ- PA 24.92 501/HPA

WO 2009/132256 PCT/US200%/041631

The mixture was heated at 160°C for 1 h and then a vacuum (<20 mm Hg) was
applied for 30 min at 160°C. The vacuum was released and naphthalic anhydride
(5.32 g) was added. The mixture was heated at 160°C for 1 h and then heated at 180°C
for 1 h. A vacuum (<20 mm Hg) was then applied for 30 minutes.

5
Example 10 (Comparative)
Polysuccinimidé Derived from 2300 MW Terpolymer
PIBSA, Polyetherdiamine and Diethylenetriamine
{DETA)
10

A 1 L reactor was charged with terpolymer PIBSA derived from 2300 MW PIB
(445,69 g) available from Chevron Qronite, LL.C). The mixture was placed under 2
nitrogen atmosphere and heated to 160°C. Jeffamine® XTJ-501 polyetherdiamine
(57.55 g) was then added over 15 minutes. The mixture was heated at 160°C for | h.

15 A vacuum (<20 mm Hg) was applied at 160°C Tor 30 minutes. The vacuum was
released and the reactor was céol.ed to 95°C. DETA (4.89 g) was then added 10 the
mixture. The mixture was heated to 160°C and .Lhis temperature was maintained for 1
h. Then a vacuum (<20 mm Hg) was applied for 37 min at 160°C.

20 Example 11
Phthalic Anhydride Post-Treated Polysuccinimide
Derived from 2300 MW Terpolymer
PIBSA/Polyetherdiamine/DETA

25 A 0.5 L reactor was charged with terpolymer PIBSA derived from 2300 MW PIB
{296.53 g) available from Chevron Oronite, LLC). The solution was placed under a
nirogen atmosphere and heated to 160°C. Jeffamine® XTJ-501 polyetherdiamine
(38.29 g) was then added over 8 minutes, The mixture was heated at 160°C for 1 h. A

. vacuum (<20 mm Hg) was applied at 160°C for 30 minutes, The vacuum was released

30  and the reaction mixture was cooled to 95°C. DETA (3.25 g) was then added to the
mixture over 3 minutes. The mixture was heated to 160°C and temperature was
maintained for | h. Then a vacuum (<20 mm Hg) was applied for 30 min at 160°C.
The vacuum was released and phthalic anhydride (3.52 g) was added, and the mixture
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9 2300 MW Terpolymer PI BSATXT,1- NA3 19.06 50I/HPA 10 2300 MW Terpolymer PIBSATX11-
121.39 50I/DETA 11 2300 MW Terpolymer PIBSA/XTJ-

WO 2009/132250 PCT/US2009/041631

was heated at 160°C for 1.5 h. A vacuum (<20 mm Hp) was then applied for 30

minutes.

Exaraple 12
3 Nephthalic Anhydride Post-Treated Polysuccinimide

Derived from 2300 MW Terpolymer
PIBSA/Polyetherdiamine/DETA

The 269.11 g of product of Example 10 was charged in a 0.5 L reactor and heated to
10 160°C under a nitropen atmosphere. Naphthalic anhydride (3.78 g) was added and the
mixture was heated at 160°C for 1.5 k. A vacuum (<20 mm Hg) was then applied for

30 minutes.

Soot Thickening Bench Test Results
15
The polysuccinimides and post-treated polysuccinimides from Examples 1-12 were
reacted in the soot thickening bench test, which measures the ability of a formulation
10 disperse and control viscosits; increase resulting from the addition of carbon black,
a soot surrogate. In this test, 98.0 g of the test sample was weighed and placed into a
20 250 mlL beaker, The test sample contained 7.6 wt. % of the test dispersant, 50
millimoles of an overbased phenate detergent, 18 millimoles of a zinc dithiophosphaie
wear inhibitor and 7.3 wt. % of a VI improver, in 85% 150N oil, 15% 600N oil. To
this was added 2.0 g Vulcan XC-72% carbon black from Cabot Co. The mixture was
stirred and then stored for 16 hours in a dessicator. A second sample without the
25 carbon black was mixed for 60 seconds using a Willems Polytron Homogenizer-
Model PF 45/6 and then degassed in a vacuum oven for 30 minutes at 50 to 55°C. The
viscosity of the two samples was then measured at 100°C using a capillary
vigeometer. The percent viscosity increase was calculated by comparing the viscosity
of the samples with and without carbon black. Thus, the lower the percent viscosity
30 increase the beiter the dispersancy of the dispersant. The results from the soot

thickening bench test are shown'in Table [.
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PA 78.49 50I/DETA 12 2300 MW Terpolymer PIBSAJXT.1- NA 19.26 501/DETA 1 - phthalic
anhydride 2 - ethylene carbonate 53 - naphthalic anhydride As evidenced in Table 1, the results of the

soot thickeningbenchiast indicate that the PCT/US2009/641631
TABLE 1
Soot
Post- Thickening
Example Description Treatment % Visc.
‘ Increase
1 100 MW PolyPIBSA/XTI-301/HPA - 128.80
2 1000 MW PolyPIBSA/XTJ-501/HPA PA' 25.24
3 1000 MW PolyPIBSASXTI-501/HPA EC? 38.25
4 2300 MW PolyPIBSA/XTI-501/HPA - 165.10
5 2300 MW PolyPIBSA/XTI-501/HPA PA 16.69
6 2300 MW PolyPIBSA/XTI-5301/HPA EC 28.58
7 2300 MW Terpolymer PIBSA/XTI- - 49,76
SOVHPA
8 2300 MW Terpolymer PIBSA/XTI- PA 24,92
501/HPA
9 2300 MW Terpolymer PIBSA/XTI- NA? 19.06
SOI/HPA
10 2300 MW Terpolymer PIBSA/XTI- - 121.39
501/DETA
11 2300 MW Terpolymer PIBSA/XTI- PA 78.49
501/DETA
12 2300 MW Terpolymer PIBSA/XTI- NA 19,26
501/DETA
| — phihalic anhydride

2 - ethylene carbonate
5 3 — naphthalic anhydride

As evidenced in &Table 1, the results of the scot thickening bench test indicate that the
percent viscosity increase of formulated oils comprising phthalic anhydride, ethylene
carbonate or naphthalic anhydride post-treated polysuccinimides was significantly

10 lower than the percent viscosity increase in formulated oils that contain
polysuccinimides that are not posi-treated. This test indicates that the lubricating oil
additives of the present invention have superior dispersant properties, as compafed 10

the non-post treated polysuccinimides,
15 His understood that although modifications and variations of the invention can be

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

be imposed as are indicated in the appended claims.
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percent viscosity increase of formulated oils comprising phthalic anhydride, ethylene carbonate or
naphthalic anhydride post-treated polysuccinimidcs was significantly 10 lower than the percent
viscosity inmﬁyg :mulated oils that contain polysuccinimides that arg,pekRogisieaied. This test
indicates that the lubricating oil additives of the present invention have superior dispersant properties,
as compared to the non-post treated polysuccinimides, 15It is understood that although modifications
and variations of the invention can be made without departing from the spirit and scope thereof, only
such limitations should be imposed as are indicated in the appended claims. A post-treated polymeric
dispersant wherein thg i @astRNenslipaatiecamperndiaas maramthapranechmetianabgroup capable of

reacting with a monocarboxylicacid g esiar theraol o i BNy ifAGdBNINClife pr ester thereof.

5A post-treated polymeric dispersant wherein the at least one ether compound (B) is a polyether
polyamine. A poststFeltserhantsareaidpiidamviner or e ‘Bﬁﬁféther polyamine is a
polyoxyalkylene diamine wherein each alkylene unit individually contains from about 10 2 to about 5

carbon atoms. A postitteatad diWRenc sishsrsawhare iR the: exyalkienspaniet)is pxyethylene or

oxypropylene, or mixgug&s thqrem:h 615A post-treated polymeric dispersant wherein the copolymer is
copolymer (i). A pog?-ytregié’a Eagl‘ym'eric dispersant wherein the copolymer is copolymer (ii). A

post-treated polymeric dispersant wherein the copolymer (ii) is polyPIBSA, obtained by the free radical
catalyzed reaction of joaleta:adjvldriek: ahgcpalyisbbeityibnpolfethostelseated palymeric dispersant

wherein the copoly %?oka(&%@lbér&%m(@“%Qre‘%hQ&%ta‘i@%{%q‘B@l%&ﬁkﬁ&lﬁéﬁ%ﬁﬁ(e‘éﬁﬁr&!ﬁhﬁ{&iﬂ the amino

aliphatic compound. is selected from the group consisting of aliphatic diamines, aliphatic polyamines
and polyalkylehe pSIaTRIHES SBR B8%treated polymeric dispersant wherein the aliphatic compound
is an aliphatic diamine. A post-treated polymeric dispersant wherein the aliphatic diamine is ethylene
diamine, hexamethylgag-tliaidi pelyasdditytens diaraintme3yalkylene moiety is oxyethylene or

oxypropylene, or mixtures thereof,

-iS A post-treated polymeric dispersani wherein the copolymer is copoiymer (i). A post-
treated polymeric dispersant wherein the copelymer is copolymer (ii). A posi-ireated
polymeric dispersant wherein the copolymer {ii) is polyPIBSA, obtained by the free
radical catalyzed reaction of maieic anhydride and polyisobutylene. A post-ireated
pbiymcric- dispersant wherein the copolymer is copolymer (iii}.

20 |
A post-treated polymeric dispersant wherein the amino aliphatic compound is selected
from the group consisting of aliphatic diamines, aliphatic polyamines and |

polyalkylene polyamines,

25 A posi-treated polymeric dispersant wherein the aliphatic compound is an aliphatic

diamine.

A post-treated polymeric dispersant wherein the aliphatic aiamine is ethylene
diamine, hexamethylene diamine, and butylene diamine.

30
A past-treated polymeric dispersant wherein the aliphatic compouﬁd is an

polyalkylene polyamine.
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A post-treated polymeric dispersant wherein the aliphatic compound is an polyalkylene polyamine. A
- post-treated polymeric dispersant wherein compound (i)(b) of copolymer (i) is polyisobutene having a
number av ar weight (Me) of from about 112 to about 5000. - polymeric
dispersantm?gﬁﬁh@eﬁ%&umber average molecular weight (Me) is from abgg%%gogg& ngﬁ}fﬁ 3000. A
post-treated polymeric dispersant wherein the number avenge molecular weight (Me) is from about
100010 about 2500. 10 A post-treated polymeric dispersant wherein (i)(a) is a dicarboxylic acid,
anhydride or ester thereof. A post-treated polymeric dispersant wherein (i)(a) is maleic anhydride or
ester 15thereof. A postdiaaied palveesiggdisparsantunersiodiasoneelplingi(i(e is a 1-olefin. A
lubricating oil compogiion wheteln.ihe 4t cast,anc. AIRNAIC compoynd fss et 40, an one
functional group cafga eo reactingg‘wnﬁ a monocarboxylic acid or ester thereot, or aicarboxylic acid,
anhydride or ester tFRS#8P%K |ubricating oil composition wherein in copolymer (iii)(b), said copolymer (i)
or copolymer (ii) or both are contacted with the non-free radical catalyzed reaction 25product of
compound (i)(a)sand, comPOIRLLRIALAY dAMELIR Re-DRSRERGEHR! £RMRARERL L WA dbricating oil
composition wherein the at least one ether comé)ound (B) is a polyether polyamine. 30 A lubricating oll
composition whereifMﬂés%ﬁ}@g?@P c?l%%?ﬁé%% & polyoxyalkylene diamine wherein each alkylene unit
individually contains from about 2 to about 5 carbon atoms.

A post-treated polymeric dispersant wherein the number average molecular weight
(My) is from about 1000 to about 2500.

10
A post-treated polymeric dispersant wherein (i){a) is 2 dicarboxylic acid, anhydride or
ester thereof.
A post-treated polymeric dispersant wherein (1)(a) is maleic anhydride or ester

15 thereof.

A post-treated polymeric dispersant wherein the monoolefin of (i){c) is a 1-olefin,

A lubricating oil composition wherein the a1 least one aliphatic compound has more
20  than one functional group capable of reacting with & monocarboxylic acid or ester

thereof, or dicarboxylic acid, enhydride or ester thereof.

A lubricating oil composition wherein in copolymer (iii)}(b}, said copolymer {i) or
copolymer {it) or both are contacted with the non-free radical catalyzed reaction
25  product of compound {i)(a) and compound (i)(b} or (i){c) in the presence of

component (C).

A lubricating ot} composition wherein the at least one ether compound (B) isa
polyether polyamine.

30
A lubricating oil composition wherein the polyether polyamine is a polyoxyalkylene
diamine wherein each alkylene unit individually contains from about 2 to about §
carbon atoms.
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A lubricating oil composition wherein the oxyalkylene moiety is oxyethylene or oxypropylene, or
mixtures thereof. 5A lubricating oil composition wherein the copolymer is copolymer (i). A lubricating oil
composmoW@ﬁ -the,copolymer is copolymer (ii). A lubricating oil cpppgsitigobsrein
copolymer (ii) I1s polyPIBSA, obtained by the 10free radical catalyzed reaction of maleic anhydride and
polyisobutylene. A lubricating oil composition wherein the copolymer is copolymer (iii). A lubricating
oil composition wherein the aliphatic compound is an amino aliphatic 15compound. A lubricating oil
composition wherein the amino aliphatic compound is selected from the group consisting of aliphatic
diamines, aliphatic polyamines and polyalkylene polyamines 20 A lubricating oil composition wherein
the aliphatic compoyn IS an al all hatic dlaormrglW ne. A tgrégatlc?% il co 9§$tioqhw erein the aliphatic
diamine is ethylene dlgrﬁfﬁénghex‘é%n i ylene diamine utylmne diamie. 25 A’ Tubrlcatlng oil
composition wherelﬁ“ﬂﬂ@wiﬁﬁaﬂt”@ﬁﬁﬁfﬁéﬁ’ﬁﬁ% a polyalkylene polyamine. A Iubrlcatlng oil composition
wherein compound (i)(b) of copolymer (i) is 30 polyisobutene having a number average molecular
weight (Mn) of fgom,aheuL Ngoﬁ@c%mugéwsa;leé;mg'e@;;mﬁﬂ@959&954&% wherein the number
average molecular weight (Ms) is from about 500 to about 3000 A lubricating oil composition
wherein the number average molecular weight (MO) is 5from about 1000 to about 2500. A lubricating
oil compo ion wherdinuiiieling siliesposxphicvaeiin siperides i csriterésf. 10A lubricating oil
additive composition wherein (i)(a) is maleic anhydride or ester

A lubricating oil compoéition wherein copolymer (ii} is polyPIBSA, obtained by the

10 free radical catalyzed reaction of maleic anhydride and polyiscbutylene.
A lubricating oil composition wherein the copolymer is copolymer (iii).

A lubricating oil composition wherein the aliphatic compound is an amino aliphatic

15  compound.

A lubricating oil compesition wherein the amino aliphatic compound is selected from

the group consisting of aliphatic diamines, aliphatic polyamines and polyalkylene

polyamines,

20
A lubricating oil composition wherein the aliphatic compound is an aliphatic diamine,
A lubricating oil composition wherein the aliphatic diamine is ethylene diamine,
hexamethylene diamine, and butylene diamine.

25

A fubricating oil coniposition wherein the aliphatic compound is a polyalkylene

polyamine.
A lubricating oil composition wherein compound {i)(b} of copolymer (i) is

30 polyisobutene having a number average molecular weight (M,) of from about 112 1o
about 5000.
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thereof. A lubricating oil composition wherein the monoolefin of (i)(c) is a | -olefin, 15A method of
making a post-treated polymeric dispersant wherein the post-treating agent is a cyclic carbonate, a

linear monogegrhghats,es a linear poly-carbonate. A method of making §pogiigalied fglymeric
dispersant , wherein the post-treating agent is an aromatic polycarboxylic acid, an aromatic

polyearboxylic anhydride or 20aromatic polyearboxylic ester. A method of making the post-treated
polymeric dispersant wherein the post-treating agent is ethylene carbonate, phthalic anhydride, or
naphthalic anhydride. 25 WHAT IS CLAIMED IS: 1.A post-treated polymeric dispersant prepared by

the process c_ompris‘i‘ngg,%ggyglgl(&@&g%g%mg} apenksrlected drama Ry dlisgabnnate, a linear

mono- 5 carbonate, a Iirkea{ %8'}”0 gbt%%e, an aromatic polycarboxylic acid, an aromatic
polycarboxylic anhydH0&°8F an aromatic polycarboxylic acid ester and (1l) a lubricating oil additive
composition prepared by the process comprising reacting (A)at least one of the following copolymers:
a copolymer obtainedby:fsess rdbicaiposfiotywherizatie nuofteo avpopentsccdm prghyMa)iat least one

monoethylenically ynsatiuratedds 3, i daf Sspgonocarboxylic acid or ester thereof, or C4 to C28 -
dicarboxylic acid, anhydride or ester thereof; (b) at least one I-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 offalvingdtiverlicterre Bt yhopinlidele cftaday insadreshiisidor @ifa (c) at least

one monoolefin conpaisnd which is

10 A lubricating oil additive composition wherein (i)(a) is maleic anhydride or ester

thereof.
A lubricating oil composition wherein the monoolefin of (i)(c) is a 1 -olefin.

15 A method of making a post-treated polymeric dispersant wherein the post-treating

agent is a cyclic carbonate, a linear mono-carbonate or a linear poly-carbonate.
A method of making a post-treated polymeric dispersant , wherein the post-treating
agent is an aromatic polycarboxylic acid, an aromatic polycarboxylic anhydride or

20 aromatic polycarboxylic ester.

A method of making the post-ireated polymeric dispersant wherein the post-treating

agent is ethylene carbonate, phthalic anhydride, or naphthalic anhydride.

25
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copolymerizable with the monomers of (a) and (b) and is selected from the group consisting of: (I)an
alkyl vinyl ether and an allyl alkyl ether where the alkyl group is hydroxyl, amino, dialkylamino or alkoxy
substituted or is unsubstituted, and containing from 1 to 40 carbon atoms; (2) an alkyl amine and an
N-alkylamide wipsmonoethpemrcadly unsaturated mono- or dicarboxylic acid of from 3 to 10 carbon
atoms where the alkyl substituent contains from 1 to 40 carbon atoms; 5 (3) an N-vinylcarboxamide of
carboxylic acids of from 1 to 8 carbon atoms; (4) an N-vinyl substituted nitrogen-containing
10heterocyclit. compouyrst- amasmymmu onpdsatefipragemprisingh2 tord@ssadoopatorys or at least
one polyolefig.comarising die.26 faihen anmp andhayiogaleumahcopaivmetigaple 15 group in
the form of a vmyf vmyhdene or alkyl vinylidene group or mixtures thereof, provided that the olefin
employed is r8tapRESarhdiBgthBobeftPenifsioyB RIRTOHS) P?@)f?é@@ﬁ&?n%é@o@faﬁ@é’ﬁ%reactlng
compound (OgR),aReb&SAMPoMMEHR) isrthe niesenke sliateeradicatinitaiar; dha eapalymer obtained
by (a) reacting compound ( %ﬁ ) with com ound (O(b or{ﬁ % |n a non-free radical catalyzed 25
reaction in th&'BHS&EREa b1 CBREiHBPL @P@émy § SF56THE BBV £8REEing copolymer (i) or

copolymer (ii) or both with the non-free radical catalyzed reaction product of compound (0(a) and

compound (0(b) or (&j:) W'{Ii'eg%n)eaétjﬁ%srtoﬁn\‘?z ]gé Opg%@%und capable of being reacted with at least

two
10

(1) a copolymer obtained by free radical copolymerization of

components comprising:

(a) at least one monoethylenically unsaturated C; to Cog
15 monocarboxylic acid or ester thereof, or Cs; to Coe

dicarboxylic acid, anhydride or ester thereof;

(b}  at least one l-olefin comprising 2 to 40 carbon atoms or

at least one polyolefin 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; and

{c) at least one monoolefin compound which is
25 copolymerizable with the monomers of (2) 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
30 or alkoxy substituted or is unsubstituted, and containing

from 1 to 40 carbon atoms;
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monocarboxylic acids or esters thereof, or with at least two dicarboxylic acids, anhydrides or esters
thereof, or mixtures thereof; and (C) at least one aliphatic compound having at least two functional
groups, wherein one of the functional groups is capable of reacting with at least one monocarboxylic
acid or ester thereof, or dicarboxylic acid) anhydridie/Drestes theread anc:bireifeanother functional
group is capable of reacting with at least one pgst-treating agent. . 2. The posi-treated polymeric
dispersant of Claim | wherein the post-{f’é)gﬁﬁté)ﬁﬁg%aeﬁt %ggagi/r% Féi carbona Ié,&étcfll%rwlé’i(%d[rlﬁono-carbonate
or a linear poly-carbonate. 3. The postatrdatédipolyiérid dispewantoiClaird fwhakein the
post-treating agent is an aromatic polycarhexuic acid; 2narematisRalyearhoxylic anhydride, or
aromatic polycarboxylic ester. 15 4. The post-treated polymeric dispersant of Claim 1 wherein the
post-treating agent is ethylene carbonate, phthalic anhydride, or naphthalic anhydride. 5. The
post-treated polymeric dispersant of claim 1, whersimheableastione 2eibarcampond (B) is
selected from the group comprising an theli E)oéya ine, a polyether polyamine, a polyether amino
alcohol, a polyether amino thiol, and a 8f§eth% 6‘%%%121@. he post-treated polymeric dispersant of
claim 1, wherein in copolymer 25(iii)(b), said copolymer (i) or copolymer (ii) or both are contacted with
the non-free radical catalyzed reaction product of comneung (i) d und. ){h or (i)(c) in the
presence of component (C). 7. The agst-tr%%teglogc}%?me%ég %%ﬂaﬁ%?ggngﬁv%rein the
aliphatic'80 compound is an amino ali ﬁ@%@ﬁiﬁ%‘?‘@d}@%ricaﬂng oil composition comprising a
major amount of an oil of lubricating viscosity and a minor amount of a post-treated polymeric
dispersant -61 - prepared by the process which comprises reacting (I) a post-treating agent selected
from a cyclic carbonate, a linear mono- jrbor?étlg?sgi H‘%&F%S@(?ﬁ%%‘??é?@,%??é’i%ﬁ?ﬁl olycarboxylic
acid or an aromatic polycarboxylic anhyériste @r @niio mati ppohiefnbaxyia angddesietc@nd (1) a
Iubricgting oil additive composition pre%%;ggnbélt é&}@ea%o%‘%%gc%n%gr@inslilp E%%g%&%ggfeleast one of the
following copolymers:

1 group in the form of a vinyl, vinylidene or alkyl

vinylidene group or mixtures thereof, provided that the

olefm employed is not the same as the olefin employed

in ()(by;

20 (it} a copolymer obtained by reacting -compound (i}a) and

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

(1ii)  a copolymer obtained by (a) reacting compound (i¥a) with

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

25 reaction in the presence of copolymer (1) or copolymer (ii) or
both; or by (b) contacting copolymer (i} or copolymer (i1} or

both with the non-free radical catalvzed reaction product of

compound (1)(a) and compound (i)(b) or (i)(c); with
30 (B)  at least one ether compound capable of being reacted with at least two

monocarboxylic acids or esters thereof, or with at least two dicarboxylic acids,

anhydrides or esters thereof, or mixtures thereof, and
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(a copolymer obtained by free radical copolymerization of 10components comprising: (a) at least one
monoethylenically unsaturated C3-C28monocarboxylic acid or ester thereof, or C4-C28 dicarboxylic

acid, anhydvide:gseestegghereof; 15 (b) at least one 1-olefin comprising 2 wr4aearhanaams 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 20or mixtures thereof; and (c) at least one
monoolefin compound which is copolymerizable with the monomers of (a) and (b) and is selected from
the group consisting of: 25 (1)an alkyl vinyl ether and an allyl alkyl ether where the alkyl group is
hydroxyl, amino, dialkylamino or alkoxy substituted or is uns_ubsti'gjted ang containing from 1 to 40

carbon atoms; 30 (2) adQikyPalffrte Bh e RRRE SREPIRIB TR & ﬁ%&iﬁﬁl EARMUFSERSrated mono-
or dicarboxylic acid of freme®ito @ edrbenfatcinsalvbereshe atkgbicubtitesingcoitamisifrom 1 to 540

carbon atoms; (3) an N-yipylcarReramiete Lfcarhasy ikAssol#asyl e Saarhaaians; 10(4)an
N-vinyl substituted nitro%en-contai in h}(‘eterog}l/ctlﬁc cgmpour}d; and . .
_ ) ster thereof and wherein another functional group 1s capable of reacting with

at least one post-treating agent.

2. The post-treated polymeric dispersant of Claim I wherein the post-treating

10 agentis a cyclic carbonate, a lincar mono-carbonate or a linear poly-carbonate.

3 The post-treated polymeric dispersant of Claim 1, wherein the post-treating
agent is an aromatic polycarboxylic acid, an aromatic polycarboxylic anhydride, or
aromatic polycarboxylic ester.

15
4. The post-treated polymeric dispersant of Claim 1 wherein the post-treating

agent is ethylene carbonate, phthalic anhydride, or naphthalic anhydride.

5. The post?treated polymeric dispersant of claim 1, wherein the at least one
20  ether compound (B) is selected from the group comprising an ether polyamine, a
polyether polyamine, a polyether amino alcohol, a polyether amino thiol, and a

polyether polyol.

6. The post-treated polyméric dispersant of claim 1, wherein in copolymer
25 (iii)(b), said copolymer (i) or copolymer (ii) or both are contacted with the non-free
radical catalyzed reaction product of compound (i)(a) aud compound (i}(b) or (i)}(c) in

‘the presence of component (C).

7. The post-treated polymeric dispersant of claim I wherein the aliphatic

30 compound is an amino aliphatic compound.

g. A lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor amount of a post-treated polymeric dispersant
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(5)at least one 1-olefin comprising 2 to 40 carbon atoms or at least one polyolefin comprising 4 to
15360 carbon atoms and having a teiminal copolymerizable group in the fool' of a vinyl, vinylidene or
alkyl vinylidene group or mixtures thereof, provided that the olefin employed is not the same as the

olefin employeebined)@s) ;twb)@ssopﬁiwmamqbiaémeehhjmgeaintmgosomﬁn@dg(é)(faseambdompou nd(i)(b)
in the presen eofafr e raglcalmnltllartleaf }1 X{n%rhn%g a??&’rk(&)a aglggrggtnapound (O(a)
C

with 2500mpounda(8/(% or ifi & non-free ra |ca ca‘[alyze tion in t e presence of copolymer
(i) or copolynpelvidrtordybth a@rdbw(b?rcommmg cebsiyhear i) ombspolymer @) crpB#iSith the
non-free radigg] catalyzed feaction Qﬁ@({mta%sﬁeaaﬁg nel (AR ANELEAHREUNG-EPERI0EY(0(C); with 30

(B) at least oneether compound capable of being reacted with at least two monocarboxylic acids or
esters theredP O IRES SO TBRITRR Gea R hoxylic acids, anhydrides or esters thereof, or mixtures thereof;
and 5(C) at least one aliphatic compound having at least two functional groups, wherein one of the
functional groups is pabl of reactl wtltlp at least one monocarboxyllc acid or ester thereof, or
dicarboxylic acid, a hzi/drlae Breigs hé‘?e Owﬁl%vﬁ%fgm &nother functional group is capable of
reacting with at least one post-treating agent. 10 9. The lubricating oil composition of Claim 8, wherein

the postreating agen i g cyclie caghoniaieuib INeAIIROSHaREROARA Ak dness poly-carbonate. 10

The lubricating oil composi |on of Claim 8, wherein the post-treating agent is 15an aromatic
polycarBBxylic acid, an aromatm“ﬁﬁ}?%%‘?%ﬁ}?ﬁ@&ﬁ‘l’?ﬁdnde oran

{a) at least one monoethylenically unsaturated
C5-Cog monocarboxylic acid or ester thereof, or
C4-Cag 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

20 or mixtures thereof; and

{c) atleast one monoolefin compound which 18
copolymerizable with the monomers of (a) and (b) and 1s
selected from the group consisting of:

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

30
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aromatic polycarboxylic ester. 11. The lubricating oil composition of claim 8, wherein the post-treating
agent is ethylene carbonate, phthalic anhydride, or naphthalic anhydride. 20 12. The lubricating oll
composition of claim 8, wherein the at least one ether compound (B) is selected from the group
comprising an ether polyamine, a polygther palyamineina palyetNesiayningdaledhol, a polyether amino
thiol, and a polyether polyol. 25 13. A methaod of n‘}]alfin a ost-trea e(glggrl [no?ric dispersant

.. . . moPoe‘a 11 unsaiuraie ur
comprising reacting (I) a post-treating agent selected from d cyclic carbonate, a linear

mono-carbonate, a linear poly-carbonate, andarahvetibqasiycal boxyfidatid-obamapomatic
polycarboxylic anhydride or an aromatic polygathoxyligiasidgsierand.(4h.R kbrigating oil additive 30

composition which comprises reacting (A)at least one of the following copolymers: (Oa copolymer
obtainedby free radical copolymerization of ¢3AfHHEHE omprising: (a) at least one
monoethylenically unsaturated 5C3-C28 monocarboxylic acid or ester thereof, or a C4-Cndicarboxylic
acid, anhydride or ester thereof; (b) a%%fast on}gr Lolﬁmﬂ:omﬂgggl 2 to 40 car (S)Qfat.oms or at least

one polyolefin comprising 4 to 360 carbon 18t E AR Oéidnng a%%rarﬁlﬁx Icao:‘ﬁ)ccl)?ymerlzable group in

the form of a vinyl, vinylidene or alkyl vinylid&nm driodpcerbmitanes thereof; and (c) at least one
monoolefin compound which is 15copolymerizable with the monomers of (a) and (b) and
10 (4) an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

(5) at least one 1-olefin comprising 2 to 40 carbon
atoms or at least one polyolefin comprising 4 to
15 360 carbon atoms and having a terminal
copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures
thereof, provided that the olefin employed is not
the same as the olefin employed in (i){b);
20
(ii)  acopolymer obtained by reacting compound (i)(a) and

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

(111 a copolymer obtained by (a) reacting compound (1)(a) with
25 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 (1)(a) and compound {1){(b) or (1){c}; with
30

63



is selected from the group consisting of: (1) an alkyl vinyl ether and an allyl alkyl ether where the allcyl
group is hydroxyl, amino, 20dialkylamino or alkoxy substituted or is unsubstituted, and containing from

1 to 40 carbg@g aigsnsSa4g) an alkyl amine and an N-alkylamide of a 25mongetiydenisaliyssnsaturated
mono- or dicarboxylic acid of from about 3 to about 10 carbon atoms where the alkyl substituent

contains from 1 to 40 carbon atoms; 30(3)an N-vinylcarboxamide of carboxylic acids of from 1 to 8
carbon atoms; (4) an N-vinyl substituted nitrogen-containing heterocyclic compound; and (5) at least

one 1-olefin comprising 49 ?ga%pgrqc%%%l S.0r O%LLE%EEQIQ%PQA@%H}@@W@W% Q.60 carbon
e

atoms and having a terminal copolymerizable group in the form of a vin I,\(in}/lideﬁe or alkyl vinylidene

group or mixtures thereomIIRSHEREY HRAF SO LISHF SRy Ln R PR AL SAFAR R YR E%TEfin employed
in (i)(b); (ii)a copolymer chtadizdshy ¢sastihgeedrpain<d)farafidabmpound(i)(b) in the presence of a
free radical initiator; 15(m) a copolymer obtained by (a) reacting compound (0(a) with compound (0(b)
or (i)(c) in a non-free radical catalyzed reactign in the presence of COﬁ?I (tll)aggicogol mer (ii) or

both: or by (b)tontactind CopbiTePE BIREEBSKATEP Slg?ﬁg’fha\t/vll em{‘-‘free redicar catalyzed

reaction product of wherein one of the functional groups is capable of reacting with at least
one monocarboxylic acid or ester thereof, or dicarboxylic acid, enhydride or
ester thereof and wherein another functional group is capable of reacting with
at least one post-treating agent.
10
9. The lubricating oil composition of Claim 8, wherein the post-treating agent is

a cyclic carbonate, 2 linear mono-carbonate or & linear poly-carbonate,

16.  The lubricating oil composition of Claim 8, wherein the post-treating agent is
15 an aromatic polycarboxylic acid, an aromatic polycarboxylic anhydride, or an

aromatic polycarboxylic ester.

11,  The lubricating oil composition of claim 8, wherein the post-treating agent is
ethylene carbonate, phthalic anhydride, or naphthalic anhydride.

20
12, The lubricating oil composition of claim 8, wherein the at least one ether
compound (B} is selected from the group comprising an ether polyamine, a polyether
polyamine, a polyether aminc alcohol, a polyether amino thiol, and a polyether
polyol.

25

13. A method of making a post-treated polymeric dispersant comprising reacting
(D) a post-treating agent selected from aﬁcyc%ic carbonate, a Hnear mono-carbonate, a
linear poly-carbonate, an aromatic polycarboxylic acid or an aromatic polycarboxylic
anhydride or an aromatic polycarboxylic acid ester and (I} a lubricating oil additive

30  composition which comprises reacting
(A)  atleast one of the following copolymers:
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20compound (i)(a) and compound (i)(b) or (0(c); with (B) at least one ether compound capable of
being reacted with at least two monocarboxylic acids or esters thereof, or with at least two dicarboxylic
acids, anhydrides or esters thereof, or mixtures thereof; 25 (C) at least one aliphatic compound having
at least two functional grops, wheseiyone sitthedunctienaldaluppddaapalileroffeacting with at least
one monocarboxylic acid or esteé Othe(r)%of,tsocrodic%rslag;gylic acid, anhydride or ester thereof and wherein
another functional group is 30capa’BPe o?lreac?%ﬁg With at least one post-treating agent. WO
2009/132250PCT/US2009/041631 14. The method of making the post-treated polymeric dispersant of

claim 13, wherein in copolymer (jij)(b). said &ROWMNEIHL AR {HLQr both are contacted with
the non-free radical catalyzed reactiogétroduct of compound (0(a) and compound (i)(b) or (i)(c) in the

presence’ of component (C). 5 15. A mettoeBPHRBrBVRIY st aigsEidiAeyoPsfudge dispersancy or
both in an internal combustion engine \which, eRaipsisas aprratingithi: enging Wi lubricating ol
composition comprising a major amount of oil of lubricating viscosity and an effective amount of the
post-treated polymeric dispersant of claim 1. 10

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

at least one polyolefin comprising 4 to 360 carbon
10 atoms and having a terminal copolymerizable group n
the form of a vinyl, vinylidene or alkyl vinylidene group

or mixtures thereof; and

{c) at least one monoolefin compound which is
15 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 alicyl group is hydroxyl, amino,
20 dialkylamino or alkoxy substituted or 1s
unsubstituted, and contamning from 1 to 40

carbon atoms;

(2) an alky! amine and an N-alkylamide of a
25 monoethylenically unsaturated mono- or
dicarboxylic acid of from about 3 to about
10 carbon atoms where the alkyl substituent

contains from 1 to 40 carbon atoms;

30 (3) an N-vinylcarboxamide of carboxylic acids of

from 1 to 8 carbon atoms;

65



10

15

20

25

30

(B)

(4) an N-vinyl substituted nitrogen-containing

heterocyclic compound; and

(5) 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
thereof, provided that the olefin employed is not

the same as the olefin emploved in (1)(b);

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

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

(1if}  a copolvmer obtained by (a) reacting compound (i} a) with
compound (1)}{b} or (1)(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

at least one ether compound capable of being reacted with at least two

monocarboxylic acids or esters thereof, or with at least two dicarboxylic acids,

anhydrides or esters thereof, or mixtures thereof]

(©

at least one aliphatic compound having at least two functional groups,
wherein one of the functional groups is capable of reacting with at least
one monocarboxylic acid or ester thereof, or dicarboxylic acid,
anhydride or ester thereof and wherein another functional group is

capable of reacting with at least one post-treating agent.
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10

14. The method of making the post-treated polymeric dispersant of claim 13,
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).

15. A method of improving soot dispersancy or sludge dispersancy or both in- an
internal combustion engine which comprises operating the engine with a lubricating
oil composition comprising a major amount of oil of lubricating viscosity and an

effective amount of the post-treated pdlymcric dispersant of claim 1.
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