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Abstract of the Disclosure
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An acyclic hydrocarbyl substituted succinimide, or
acyclic hydrocarbyl substituted succinamide, and/or
acyclic hydrocarbyl substituted succinic acid ester/amide
dispersant formed with polyanmine, which has been reacted
with a dicarboxylic acid in which the two carboxyl groups
are separated from each other by at least 3 aliphatic
carbon atoms. ILubricant compositions and additive
concentrates capable of passing the CCMC Viton Seal Test
(CEL L-39-T087 Oil/Elastomer Compatibility Test) can be

formed using dispersants made in this manner.
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DISPERSANT COMPOSITIONS

This invention relates to lubricant dispersants and
to compositions containing them. More particufé;ly, this
invention relates to aliphatic succinimides and aliphatic
succinimide-~containing compositions of enhanced perfor-
mance capabilities. .

A continuing problem in the art of lubrication is
to provide lubricant compositions which satisfy the
demands imposed upon them by the original equipment
manufacturers. One such requirement is'that the lubricant
not contribute to premature deterioration of seals, clutch
face plates or other parts made from fluoroelastomers.
Unfortunately, and as is well known, basic nitrogen-
containing dispersants such as succinimide dispersants

commonly used in oils tend to exhibit a strong adverse

effect upon fluoroelastomers, by causing them to lose
their flexibility and tensile strength, to become
embrittled, and in severe cases, to disintegrate. It has
been postulated that the co-presence cof zinc-containing
additives such as zinc dialkyldithiophosphates tends to
increase the severity of this problem. Contemporary test

methods for evaluating fluorocelastomer compatibility of

lubricant compositions are the Volkswagen P.VW 3334 Seal
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Test and the CCMC Viton Seal Test (CEL L-39-T-87
Oil/Elastomer Compatibility Test).

U.S. Pat. No. 4,548,724 describes the formation of
dispersant additives by reacting an organic polycarboxylic
acid having 3-6 carboxyl groups in the moleculeqwith a
polyalkenyl succinimide of a polyamine. It is taught in
the patent that Viton elastomer deterioration is inhibited
when this reaction is carried out so that at least about
30 atom %, preferably 50-100 atom %, more preferably
85-100 atom %, say 100 atom %, of the reactive nitrogen
atoms in the succinimide have been reacted to form an
amide with the carboxyl groups of the acid or mixture of

acilds.

A new effective, practical way of overcoming the
antagonism of conventional succinimide and similar basic
nitrogen-containing dispersants toward fluoroelastomers
would be a welcome contribution to the art.

In one of its embodiments, this invention provides
an acyclic hydrocarbyl éubstituted succinimide, acyclic
hydrocarbyl succinic acid, acyclic hydrocarbyl substituted
suédiﬁamidé, aﬁd/or ester/amide formed with polyamine,
whiéh.hés.beeﬁ.reacted with a dicarboxylic acid in which
the two carboxyl groups are separated from éach other by
at 1east 3, and preferably by at least 4, aliphatic carbon
atoms. The resultant product causes significantly less

degradation of fluoroelastomers than the corresponding
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untreated succinimide, succinamide, or mixed ester/amide.
For convenience, the acyclic hydrocarbyl substituted
succinimides, hydrocarbyl substituted succinamides and
mixed ester/amides of hydrocarbyl-substituted succinic
acid formed with polyamines are ccllectively referred to
as "basic nitrogen dispersants”.

Another embodiment of this invention provides the

foregoing process of treating a basic nitrogen dispersant

with a dicarboxylic acid of the type just described.
Still other embodiments of this invention involve

the provision of lubricant compositions and lubricant

additive concentrates containing a basic nitrogen

dispersant which has been reacted with a dicarboxylic acid

of the type just described.

Typical dicarboxylic acids which can be employed in
the practice of this invention include glutaric, adipic,
pimelic, suberic, azeleic, sebacic, 1,12-dodecanedioic,
brassylic, 1,6-hex~3-enedioic, traumatic (1,12-dodec-
2~enedioic), dimerized unsaturated fatty acids such as
dimerized linoleic acid, and like acids 1n which the two
carboxyl groups are separated from each other by at least
three and preferably by at least four aliphatic carbon
atoms. Most preferably the carboxyl groups are on
terminal carbon atoms, however this 1s not essential.
Ordinarily, the dicarboxylic acid will contain from 5 up

to 40 carbon atoms in the molecule. Preferably the
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dicarboxylic acid will contain from 5 to 12 carbon atoms
in the molecule. Mixtures of two or more of the foreolng
dicarboxylic acid acylating agents can be used.

In accordance with an embodiment of this invention,
an improved dispersant is prepared by a process-which
comprises (i) reacting at least one polyamine with at
least one acyclic hydrocarbyl substituted succinic
acylating agent in which the substituent contains an
average of at least 40 carbon atoms, and (ii) reacting the
product so formed with a dicarboxylic acid-acylating agent
in which the two carboxyl groups are separated from each
other by at least three and preferably by at least four
aliphatic carbon atoms. 1In step (i) it is preferred to
react the acyiating agent with the polyamine in a mole
ratio of from 1.05 to 2.85 moles of acylating agent per
mole of polyamine. 1In step (ii) the dicarboxylic acid
acylating agent is preferably employed 1in proportlions such
that the mole ratio of such acylating agent is from 0.10
to 2.50 moles per mole of said polyamine with the proviso
that the total mole ratio of the acylating agents in (1)
and (ii) per mole of said polyamine is in the range of

2.40 to 5.00.

In one of its preferred embodiments, this invention
involves reacting in step (i) the acylating agent with the

polyamine in a mole ratioc of at least 2:1.
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Another embodiment of this invention 1s the
provision of a dispersant prepared as above having the
ability when formulated in a finished engine lubricating
0il of satisfying the requirements of the CCMC Viton Seal
Test (CEC L-39~T-87 Oil/Elastomer Compatibility:Test).

Pursuant to still further embodiments of this
invention there are provided lubricating oil additive
concentrates and lubricating oil compositions as just
described which additionally contain a zinc-containing
additive complement, especially one or a mixture of zinc
dihydrocarbyldithiophosphates, such as one or a combina-
tion of zinc dialkyldithiophosphates, one or a combination
of zinc diaryldithiophosphateé, or a combination of one or
more zinc dialkyldithiophosphates with one or more zinc
diaryldithiophosphates.

These and other embodiments and features of this
invention will be apparent from the ensuing description
and appended claims.

Acyclic hydrocarbyl-substituted succinic acid
acylating agents and methods for thelr preparation are
well known to those skilled in the art and are extensively
reported in the patent literature. See, for example the

following U.S. Patents:
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3,018,247 3,231,587 3,399,141
3,018,250 3,272,746 3,401,118
3,018,291 3,287,271 3,513,093
3,172,892 3,311,558 3,576,743
3,184,474 3,331,776 3,578,422
3,185,704 3,341,542 3,658,494
3,194,812 3 346,354 3,658,495
3 194,814 3,347,645 3,912,764
3,202,678 3,361,673 4,110;:349
3,215,707 3,373,111 4,234,435
3,219,666 3,381,022

As indicated in such prior patents, the acyclic hydro-
carbyl substituted succinic acylating agents include the
hydrocarbyl-substituted succinic acids, the hydrocarbyl-
substituted succinic anhydrides, the hydrocarbyl-
substituted succinic acid halides (especially the acid
fluorides and acid chlorides), and the esters of the
hydrocarbyl-substituted succinic acids'and lower alcohols
(e.g., those containing up to about 7 carbon atoms), that
is, hydrocarbylsubstitutéd compounds which can function as
carboxylic acylating agents. Of these compounds, the
hydrocarbylsubstituted succinic acids and the hydrocarbyl-
substituted succinic anhydrides and mixtures of such acids
and anhydrides are generally preferred, the hydrocarbyl-
substitﬁted succinic anhydrides being particularly
preferred.

Preferably, the hydrocarbyl substituent of the
succihic acylating agent used in step (1) 1s an alkyl or,
more preferably, an alkenyl group contalining 20 or more

carbon atoms. Particularly preferred acylating agents for
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use in (i) have alkenyl substituents with a number average
molecular weight (as determined by gel permeation chroma-
tography) of at least 560 (and more preferably in the
range of 900 to 10,000, most preferably in the range of
980 to 5,000), especially where the alkenyl substituents
are formed from polyolefins made from C,; or C, olefins
(e.g., isobutylene, 1l-butene, and mixtures of butenes
containing the same as the predominant components).
Polyisobutenylsuccinic acids, polyisobutenyl succinic
anhydrides, and mixtures of polyisobutenyléuccinic acids
and polyisobutenylsuccinic anhydrides are most especially
preferred for use in the practice of step (1) above.

Suitable polyamines fof use in step (i) above are
described in many of the above cited U.S. paténts. For
best results, the polyamines should contain at least two
primary amino groups in the molecule.

The preferred polyamines used in the practice of

this invention are the alkylene polyamines represented by

the formula

H,N(CH,) , (NH(CH5) ) nNH>
wherein n 1s 2 to 10 (preferably 2 to 4, more preferably 2
to 3, and most preferably 2) and m 1s 0 to 10, (preferably
1 to 6). Illustrative are ethylene diamine, diethylene
triamine, triethylene tetramine, tetraethylene pentamine,

spermine, pentaethylene hexamlne, propylene diamine
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(1, 3-propanediamine), butylene diamine (1,4-butanedi-
amine), hexamethylene diamine (1,6-hexanediamilne),
decamethylene diamine (1,10-decanediamine), and the 1like.
Preferred for use is tetraethylene pentamine or a mixture
of ethylene polyamines which approximates tetraethylene
pentamline such as "“DOW E—log; (a commercial mixture
available from Dow Chemical Company, Midland, Michigan).

In the practice of this invention, 1t 1s preferred
to react the dicarboxylic acid acylating agent (i.e., the
reactant in step (ii) above) with a succinimide, succin-
amide, or mixed succinic ester/amide dispersant formed
from a polyamine and which has at least some non-acylated
nitrogen atoms 1in the molecule.

Of the several types of basic nitrogen‘dispersants
which may be subjected to reaction with a dicarboxylic
acld having at least three and preferably at least four
aliphatic carbon atoms between the carboxyl groups, it is
preferred to utilize a succinimide dispersant formed with
a polyamine, particularly one or more polyalkylene
polyamines.

As used herein the term "succinimide" is meant to
encompass the completed reaction product and is intended
to encompass compounds wherein the product may have amide,
amidine, and/or salt linkages 1n addition to the imide
linkage of the type that results from the reaction of a

primary amino group and an anhydride moiety.

*Trade—-mark
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The reactions involved in steps (i) and (11) are
conducted at conventional temperatures in the range of
80°C to 200°C, more preferably 140°C to 180°C. These
reactions may be conducted in the presence or absence of
an ancillary diluent or liquid reaction medium, such as a
mineral lubricating oil solvent. If the reaction 1is
conducted in the absence of an ancillary solvent of this
type, such is usually added to the reaction product on
completion of the reaction. 1In this way the final product
is in the form of a convenient solution in lubricating o1l
and thus is compatible with a lubricating o1l base stock.
Suitable solvent oils are the same as the oills used as a
lubricating oil base stock and these generally include

lubricating oils having a viscosity (ASTM D 445) of 2 to

40, preferably 3 to 12 mmz/sec at 100°C, with the
primarily paraffinic mineral oi1ls such as Solvent 100

*
Neutral being particularly preferred. Other types of

lubricating oil base stocks can be used, such as synthetic

lubricants including polyesters, poly-a-olefins, and the

like. Blends of mineral oil and synthetic lubricating
oils are also suitable for various applications 1in

accordance with this 1nvention.

Finished lubricating oil compositions of this
invention are prepared containing the dispersant of this

invention together with conventional amounts of other

*Prade—-mark
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additives to provide their normal attendant functions.
Thus use may be made of such conventional additives as
viscosity index improvers, dispersant viscosity 1index
improvers, rust inhibitors, metal detergent additives,
antioxidants, antiwear additives, extreme pressure
additives, and the like. Reference may be had to the
various U.S. Patents referred to hereinabove for exemplary
disclosures of various conventionally used additives for
lubricating oils.

A particularly preferred ancillary additive used 1in
the lubricant compositions is a grafted copolymer disper-
sant VI improver of the type described in U.S. Pat. No.
4,519,929.

As noted above, there are two accepted'contemporary
test procedures for determining'the extent to which a
basic nitrogen dispersant causes degradation of a
fluoroelastomer. One of these, the Volkswagen P.VW 3334

Seal Test involves keepling a test specimen of fluoro-

X

elastomer (VITON AK6) in an oil blend at 150°C for 96

hours and then comparing both the change 1in elongation to
break and the tensile strength of the test specimen to the
corresponding properties of a fresh specimen of the same
fluoroelastomer. The exposed test specimen 1s also

examined for the presence of cracks. In these tests, a

lubricant passes the test 1f the exposed test specimen

*Trade—-mark
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exhibits a change in elongation to break (as compared to
an untested specimen) of no more than -25% and a tensille
strength (as compared to an untested specimen) of no more
than -20%, and possesses no cracks. Another test which
can be used to measure the effect of lubricant-additives
on fluoroelastomers is the CCMC Viton Seal Test, CEC
[-39-T-87 Oil/Elastomer Compatibility Test. This test 1s
similar to the VW Test except that it is a 7-day test
rather than a 4-day test, the elastomer is VITON RE I, and
the pass/fail points are -50% tensile strehgth and -60%
elongation. Experiments conducted to date indicate that
the CCMC Seal Test is less stringent than the VW Seal
Test.

The préctice and the benefits achievable by the
practice of this invention are illustrated in the

following specific examples which are not to be construed

as limitations on this invention.

XAMPLE 1

PP e ——a

In a first stage reaction, polyisobutenylsuccinic
anhydride (PIBSA) formed from polyilsobutylene (number
average molecular weight = 1300) and tetraethylene
pentamine (TEPA) in a mole ratio of 2.05:1 are reacted at
165-170°C for 4 hours. In a second stage reaction, adipic

acid is added to the first stage reaction product in
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amount equivalent to 1 mole per mole of TEPA used in the

first stage and the resultant mixture is heated at

165-170°C for 1.5 hours. The succinimide is thus formed

using a total mole ratio of anhydrides to TEPA of 3.05:1.

To provide a handleable concentrate, the reaction product

is suitably diluted with 100 solvent neutral mineral oll

such that the nitrogen content of the blend is about 1.8%.

EXAMPLE 2

The procedure of Example 1 1s repeaﬁed except that
in the second stage, azelaic acid is used in amount
equivalent to a mole ratio of 1:1 relative to the TEPA
used 1in the first stage. Thus the total mole ratio of

anhydrides to polyamine is again 3.05:1.

EXAMPLE 3

Using the same general procedure as 1n Examples 1
and 2, the following dicarboxylic acids are individually
employed in equivalent quantities in place of adipic acid
and azelaic acid: pimelic acid, suberic acid,
1,12-dodecanedioic acid, brassylic acid, and traumatic

acid.

COMPARATIVE EXAMPLE A

The procedure of Example 1 is repeated except that
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an equivalent amount of acetic acid is used 1n step (ii)

rather than adipic acad.

COMPARATIVE EXAMPLE B

The procedure of Example 1 is repeated except that
an equivalent amount of octanoic acid is used in step (i1)

rather than adipic acid.

COMPARATIVE EXAMPLE C

The procedure of Example 1 is repeated except that
an equivalent amount of phthalic acid is used in step (ii)

rather than adipic acid.

In order to determine the compatibility of various
succinimide dispersants with fluoroelastomers, a series of
finished crankcase lubricating oils for use in internal
combustion engines containing various substituted succin-
imide dispersants were formulated. Each such oil con-
tained, in addition to the succinimide dispersant,
conventional amounts of overbased sulfonates, zinc dialkyl
dithiophosphate, antioxidant, viscosity index improver,
rust inhibitor, and antifoam agent to provide an SAE
15W/40 crankcase lubricant oil. Each such lubricant
contained an amount of the succinimide dispersant to

provide a nitrogen content of 0.13%.
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The resultant finished lubricating oils were
subjected to the CCMC Viton Seal Test, CEC L-39-T-87
Oil/Elastomer Compatibility Test. The results of this
series of tests are summarized in the following Table.

Table — Results of CCMC Viton Seal Tests

Test Succinimide to Break Compared to Compared to
No. _ Used === Fresh Seal, % __Fresh Seal, %_
1 Example 1 -42.3 -12.8
2 Exanmple 2 ~40.2 - 6.8
3 Example A ~58.5 | -38.9
4 Example B -47.5 -39.2
5 Example C ~-49.1 ' ~26.2
6 Control” ~49.9 ~31.2
- - - - -

Formulation containing commercial succinimide dispersant

Change in Elongation Tensile Strength

The dispersants utilized according to the invention

can be incorporated in a wide variety of lubricants.

can be used in lubricating oil compositions, such as

automotive crankcase lubricating oils, automatic trans-

mission fluids, and gear oils in effective amounts to
provide active ingredient concentrations in finished
formulations generally within the range of 0.5 to 10

weight percent, for example, 1 to 9 weight percent,

They
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preferably 2 to 8 weight percent, of the total composi-
tion. Conventionally, the dispersants are admixed with
the lubricating oils as dispersant solution concentrates
which usually contain up to about 50 weight percent of the
active ingredient additive compound dissolved in-mineral
oil, preferably a mineral cil having an ASTM D-445
viscosity of 2 to 40, preferably 3 to 12 centistokes at
100°C. The lubricating oil includes not only hydrocarbon
oils of lubricating viscosity derived from petroleum but
also include natural olls such as rapeseed'oil and
synthetic lubricating oils such as hydrogenated polyoclefin
oils; hydrogenated and unhydrogenated a-olefin oligomers,
dimers and/or trimers; alkyl ésters of dicarboxylic acids,
complex esteré of dicarboxylic acid, polyglycol and
alcohol; alkyl esters of carbonic or phosphoric acids;
polysilicones; fluorohydrocarbon oils; and mixtures or
lubricating coils and synthetic oils in any proportion.

The term "lubricating oil" for this disclosure includes
all the foregoing. The useful dispersant may be
conveniently dispersed as a concentrate of 10 to 80 weight
percent of mineral cil, e.g., Solvent 100 Neutral oil with
or without other additives being present and such

concentrates are a further embodiment of this invention.

As noted above, such lubricating olls compositions

containing the dispersants of the present invention will
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also contain other well-known additives such as the zinc
dialkyl (C,;-Cg) dithiophosphate wear inhibitors,
generally present in amounts of 0.5 to 5 weight percent.
Useful detergents include the oil-soluble normal basic or
>  over-based metal, e.g., calcium, magnesium, and-barium
salts of petroleum naphthenic acids, petroleum sulfonic
acids, alkyl benzene sulfonic acids, oil-soluble fatty
acids, alkyl salicylic acids, sulfurized or unsulfurized
alkyl phenates, and hydrolyzed or unhydrolyzed
10 phosphosulfurized polyolefins. Gasoline engine crankcase
lubricants typically contain, for example, from 0.5 to 5
weight percent of one or more detergent additives. Diesel
engine crankcase oils may conﬁain substantially higher
levels of detérgent additives. Preferred detergents are
15  the calcium and magnesium normal or overbased phenates,
sulfurized phenates or sulfonates.
Oxidation inhibitors include hindered phenols
(e.g., 2,6-di-tert-butyl-para-cresol, 2,6-di-tert-butyl-
phenol, 4,4'-methylenebis(2,6-di-tert-butylphenol), and
20  mixed methylene bridged polyalkyl phenols, amines,
sulfurized phenols and alkyl phenothiazines usually
present in amounts of from 0.001 to 1 welght percent.
Pour point depressants which may be present in
amounts of from 0.01 to 1 weight percent include wax

25 alkylated aromatic hydrocarbons, olefin polymers and
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copolymers, acrylate and methacrylate polymers and

copolymers.

Viscosity index improvers, the concentrations of
which may vary from 0.2 to 15 weight percent, (preferably
5 from 0.5 to 5 weight percent) depending on the-viscosity
grade required, include hydrocarbon polymers grafted with,
for example, nitrogen-containing monomers, olefin polymers
such as polybutene, ethylene-propylene copolymers,
hydrogenated.polymers and copolymers and terpolymers of
10 styrene with isoprene and/or butadiene, poiymers of alkyl
acrylates or alkyl methacrylates, cbpolymers of alkyl
methaCrylates with N-vinyl pyrrolidone or dimethylamino-
alkyl methacrylate, post-grafted polymers of ethylene-
propylene with an active monomer such as maleic anhydride
15 which may be further reacted with an alcohol or an
alkylene polyamine, and styrene/maleic anhydride polymers
post-treated with alcohols and amines.
Antiwear activity can be provided by 0.01 to 2
weight percent of the aforementioned metal dihydrocarbyl
20 dithiophosphates and the corresponding precursor esters,
phosphosulfurized pinenes, sulfurized olefins and hydro-
carbons, sulfurized fatty esters and alkyl polysulfides.
Preferred are the zinc dihydrocarbyl dithiophosphates
which are salts of dihydrocarbyl esters of dithiophos-

25 phoric acids.
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Other additivas include effective amounts of
friction modifiers or fuel economy additives such as the
alkyl phosphonates as disclosed in U.S. 4,356,097,
aliphatic hydrocarbyl substituted succinimides as
disclosed in EPO 0020037, dimer acid esters, as-disclosed
in U.S. 4,105,571, oleimide, which are present in the oil
in amnounts of 0.1 to 5 weight percent. Glycerol oleates
are another example of fuel economy additives and these
are usually present in very small amounts, such as 0.05 to
0.2 weight percent based on the weight of the formulated

oll.
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ITHE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

I. A process which comprises

(1) reacting at least one alkvlene polyamine of the formula:

H,N(CH,) (NH(CH,), ). NH.
wheremnis2to 10 and mis 1 to 10.

with at least one acyclic hydrocarbyl substituted succinic acylating agent selected from the
group consisting of hydrocarbyl-substituted succinic acids, hydrocarbyl-substituted succinic
anhydrides, hydrocarbyl-substituted succinic acid halides, esters of hydrocarbyl-substituted
succinic acids and mixtures thereot in which the substituent contains an average of at least 40
carbon atoms to form a product having non-acylated nitrogen atoms in the molecule, and

(11) reacting the product so tormed without any intermediate reaction with a
dicarboxylic acid acylating agent in which the two carboxyl groups are separated from each
other by at least 3 aliphatic carbon atoms, the process being characterised in that in step (i) the
acylating agent 1s reacted with the polvamine in a mole ratio of from 2.00 to 2.85 moles of
acylating agent per mole ot polyamine, and in that in step (11) the dicarboxylic acid acylating
agent 1s employed 1n an amount such that the mole ratio of such acylating agent is from 0.10
to 2.50 moles per mole of said polyamine with the proviso that the total mole ratio of the
acylating agents 1n (1) and (1) per mole of said polyamine is in the range of 2.40 to 5.00.
2. A process according to claim | wherein said polyamine is tetracthylene pentamine or a
mixture ot ethylene polyamines which approximates tetraecthylene pentamine.
5. A process according to claim ! or 2 wherein said hydrocarbyl substituted succinic
acylating agent has an alkenyl substituent having a number average molecular weight (as

determined by gel permeation chromatography) of from 900 to 10.000.
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4. A process according claim 1, 22, or 3 wherein said dicarboxylic acid is one in which the
two carboxyl groups are separated from each other by at least four aliphatic carbon atoms.
5. A process according claim 1, 2, 3. or 4 wherein:

said hydrocarbyl substituent of said hydrocarbyl substituted succinic acylating agent 1s
polyisobutenyl; and

said dicarboxylic acid 1s one 1n which the two carboxyl groups are separated from each
other by at least four aliphatic carbon atoms.
6. A dispersant obtainable by a process according to claim 1. 2, 3. 4, or 5.
7. A lubricating o1l additive concentrate containing a dispersant according to claim 6.
8. A lubricating o1l composition containing a major amount of lubricating o1l and a minor
amount of a dispersant 1n accordance with claim 6.
9. A lubricating o1l composition according to claim 8 further comprising a minor amount

of one or more zinc dihydrocarbyl dithiophosphates.
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