
EP 0 451 380 B1 Description This invention relates to succinimide
dispersants and to compositions containing them. More particularly, this
invention relates to aliphatic succinimides and aliphatic
succinimide-containing compositions of enhanced 5   performance
capabilities. Acontinuing problem in the artof lubrication isto provide
lubricant compositions which satisfythe 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, succinimide dispersants commonly used in oils tend to exhibit a
strong 10  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 of
zinc-containing additives such as zinc dialkyldithiophosphates tends to
increase the severity of this problem. Contemporary test methods for
evaluating fluoroelastomer compatibility of lubricant compositions are the
Volkswagen P.VW 3334 Seal Test and the CCMC Viton Seal Test (CEL L-39-T-87
Oil/Elastomer Compatibility Test). A new, ef- 15      fective, practical
way of overcoming this adverse property of succinimide dispersants would be
a welcome con- tribution to the art. Heretofore substantial efforts have
been devoted to developing post-treating processes for chemically modifying
succinimide dispersants in a beneficial manner. While such procedures are
useful, they do add to the complexity of the processing involved in the
manufacture of the dispersants. 20      The present invention involves the
discovery of ways of providing oil-soluble dispersants which can be
manufactured without need for post-treatment and which nonetheless exhibit
good compatibility with fluoroe- lastomers commonly employed as seals or
the like. Indeed, pursuant to preferred embodiments of this inven- tion,
virtually no change in conventional dispersant manufacturing processes are
involved. In accordance with this invention, the foregoing improvements are
effected by utilising in the manufacture 25  of the dispersants mixtures of
hydrocarbyl polyamines containing appropriate proportions of acyclic
alkylene polyamines and cyclic alkylene polyamines. More particularly, this
invention provides in one of its embodi- ments, an oil-soluble dispersant
composition formed by reacting (i) at least one aliphatic hydrocarbyl
substi- tuted succinic acylating agent in which the hydrocarbyl substituent
contains an average of at least 40 carbon atoms with (ii) a mixture of
hydrocarbyl polyamines containing from 10 to 50 weight percent acyclic
polyalkylene 30  polyamines and 50 to 90 weight percent cyclic polyalkylene
polyamines. Prior work on the development of succinimide dispersants based
on use of cyclic amines is exemplified by the following representative
patents: U.S. Pat. Nos. 3,024,195 and 3,024,237 describe
N-(2-aminoalkyl)piperazine monoalkenyl succinimides and their use as
lubricating oil detergents. 35      U.S. Pat No. 3,194,812 describes high
molecular weight alkenyl-N-para-aminophenyl succinimides and their use as
detergents in lubricating oils. U.S. Pat. No. 3,200,076 discloses
polypiperazinyl succinimides and their use as detergents in lubricating
oils. U.S. Pat No. 3,219,666 deals with succinimide lubricant additives
made from ammonia, aliphatic amines, 40  aromatic amines,
heterocyclicamines or carbocyclicamines. The amines may be primary
orsecondary amines and may also be polyamines such as alkylene amines,
arylene amines, cyclic polyamines, and the hydroxy- substituted derivatives
of such polyamines. In Example 5, reference is made to an ethylene amine
mixture hav- ing an average composition corresponding to tetraethylene
pentamine identified by the trade name "Polyamine H". Example 80 refers to
a commercial mixture of alkylene amines and hydroxy alkyl-substituted
alkylene 45  amines consisting of approximately 2% (by weight) of
diethylene triamine, 36% of 1-(2-aminoethyl)piperazine, 11% of
1-(2-hydroxyethyl)piperazine, 11% of N-(2-hydroxyethyl)ethylenediamine, and
40% of higher homolo- gues obtained as a result of condensation of such
amine components. U.S. Pat. No. 3,312,619 describes
succinimide-imidazolidines and their use as lubricant additives. 



U.S. Pat. No. 4,234,435 contains an extensive discussion of succinimide
dispersants made from amines 50  containing at least one H-N< group.
Commercial mixtures of ethylene polyamines corresponding to the em- pirical
formulas of diethylene triamine, of triethylene tetramine, and of
pentaethylene hexamine, as well as a commercial mixture of ethylene
polyamines having from about 3 to 10 nitrogen atoms per molecule are men-
tioned in the examples. Also used in the examples are a number of
individual amines. U.S. Pat. No. 4,686,054 refers to use in the production
of succinimides of a commercial mixture of ethylene 55  polyamines which
approximates tetraethylene pentamine. Such mixture is identified as E-100.
U.S. Pat. No. 4,863,487 describes fuel detergents made from [err]  alkenyl
succinic acid or anhydride and mixtures of aliphatic and heterocyclic
polyamines composed by weight of 5 to 70% aminoethylethanolamine, 2    EP 0
451 380 B1 5 to 30% aminoethylpiperazine, 0 to 25% triethylene tetramine, 0
to 20%   hydroxyethylpiperazine, 0 to 10% diethylene triamine and 10 to 85%
higher oligomers of such amines. None of the foregoing patents is concerned
with fluoroelastomer compatibility let alone use of the partic- 5   ular
types of mixtures utilised in the practise of this invention. Unlike
conventional oil soluble succinimide dispersants such as are produced from
commercially available mixtures of alkylene polyamines, e.g., mixtures
approximating triethylene tetramine or tetraethylene penta- mine, the
oil-soluble succinimide dispersants produced in accordance with this
invention exhibit improved com- patibility with fluoroelastomers. In
accordance with preferred embodiments, succinimide dispersants provided 10
by this invention are capable of providing lubricant formulations which
satisfy the requirements of the Volks- wagen P.VW 3334 Seal Test. As used
herein the term "succinimide" is meant to encompass the completed reaction
productfrom reaction between components (i) and (ii) and is intended to
encompass compounds wherein the product may have amide, amidine, and/or
salt linkages in addition to the imide linkage of the type that results
from the reaction 15  of a primary amino group and an anhydride moiety. In
another of its embodiments, this invention provides lubricant, functional
fluid and additive concentrate compositions containing the oil soluble
dispersant compositions of this invention. Still other embodiments of this
invention relate to the provision of methods of lubricating mechanical
parts with a lubricating oil containing a dispersant in the presence of at
least one fluoroelastomer surface. Such 20   methods are characterised in
that the lubrication is performed with a lubricating oil containing an
oil-soluble dispersant of this invention. Yet another embodiment of this
invention is the combination of a mechanical mechanism containing mov- ing
parts to be lubricated, a lubricating oil composition for lubricating such
parts, and a polyfluoroelastomer in contact with at least a portion of such
lubricating oil composition, characterised in that the lubricating oil com-
25  position for effecting such lubrication contains an oil-soluble
dispersant of this invention. Afurther embodiment of this invention
provides a process forthe production of the oil-soluble dispersants of the
type described herein. Other embodiments of this invention involve the
post-treatment of the oil-soluble dispersants of this in- vention by
reacting such dispersants with at least one post-treating agent selected
from the group consisting 30  of boron oxide, boron oxide hydrate, boron
halides, boron acids, esters of boron acids, carbon disulphide, hy- drogen
sulphide, sulphur, sulphur chloride, alkenyl cyanides, carboxylic acid
acylating agents, aldehyde, ke- tones, urea, thiourea, guanidine,
dicyanodiamide, hydrocarbyl phosphates, hydrocarbyl phosphites, hydrocar-
byl thiophosphates, hydrocarbyl thiophosphites, phosphorus sulphides,
phosphorus oxides, phosphoric acid, phosphorous acid, hydrocarbyl
thiocyanates, hydrocarbyl isocyanates, hydrocarbyl isothiocyanates,
epoxides, 35  episulphides, formaldehyde or formaldehyde producing
compounds plus phenols, and sulphur plus phenols. 



These and other embodiments and features of this invention will be apparent
from the ensuing description and appended claims. Component (i). As noted
above, the oil-soluble dispersants of this invention are formed by use as
one of the reactants of at least one aliphatic hydrocarbyl substituted
succinic acylating agent in which the hydrocarbyl 40  substituent contains
an average of at least 40 carbon atoms. A preferred category of such
acylating agents is comprised of at least one hydrocarbyl substituted
succinic acylating agent in which the substituent is principally alkyl,
alkenyl, or polyethylenically unsaturated alkenyl, or any combination
thereof and wherein such substitu- ent has an average of from 50 to 5000
carbon atoms. Particularly preferred for use as the acylating agent is (a)
at least one polyisobutenyl substituted succinic acid or (b) at least one
polyisobutenyl substituted succinic 45  anhydride or (c) a combination of
at least one polyisobutenyl substituted succinic acid and at least one
polyl- sobutenyl substituted succinic anhydride in which the polyisobutenyl
substituent in (a), (b) or (c) is derived from polylsobutene having a
number average molecular weight in the range of 700 to 5,000. As is well
known, the substituted succinic acylating agents are those which can be
characterised by the presence within their structure of two groups or
moieties. The first group or moiety is a substituent group de- 50  rived
from a polyalkene. The polyalkene from which the substituted groups are
derived is characterised by an Mn (number average molecular weight) value
of from about 500 to about 10,000, and preferably in the range of from
about 700 to about 5,000. The second group or moiety is the succinic group,
a group characterised by the structure [err] 3    EP 0 451380 B1 wherein
Xand X' are the same ordifferent provided at leastone of X and X is such
thatthesubstituted succinic acylating agent can function as a carboxylic
acylating agent. In other words, at least one of X and X must be such that
the substituted acylating agent can esterify alcohols, form amides or amine
salts with ammonia or 5   amines, form metal salts with reactive metals or
basically reacting metal compounds, and otherwise functions as a
conventional carboxylic acid acylating agent. Transesterification and
transamidation reactions are con- sidered, for purposes of this invention,
as conventional acylation reactions. Thus, X and/or X is usually -OH,
-O-hydrocarbyl; [err]  where [err] represents one equivalent of a metal,
ammonium or amine cation,  [err] -Br, and together, X and X' can be -O- so
as to form the anhydride. The 10 specific identity of any X or X' group
which is not one of the above is not critical so long as its presence does
not prevent the remaining group from entering into acylation reactions.
Preferably, however, X and X are each such that both carboxyl functions of
the succinic group can enter into acylation reactions. One of the
unsatisfied valences in the grouping 15 [err] 20 of Formula I forms a
carbon-to-carbon bond with a carbon atom in the substituent group. While
other such unsatisfied valence may be satisfied by a similar bond with the
same or different substituent group, all but the said one such valence is
usually satisfied by a hydrogen atom. The succinic groups of the succinic
acylating agents will normally correspond to the formula 25 [err] 35
wherein R and R' are each independently selected from the group consisting
of -OH, -Cl, -OR" (R" = lower alkyl), and when taken together, R and R' are
- O -. In the latter case the succinic group is a succinic anhydride 



group. All the succinic groups in a particular succinic acylating agent
need not be the same, but they can be the same. Preferably, the succinic
groups will correspond to [err] 50                  (A)
(B) and mixtures of III(A) and III(B). Production of substituted succinic
acylating agents wherein the succinic groups are the same or different is
within ordinary skill of the art and can be accomplished through
conventional pro- cedures such as treating the substituted succinic
acylating agents themselves (for example, hydrolysing the 55 anhydride to
the free acid or converting the free acid to an acid chloride with thionyl
chloride) and/or selecting the appropriate maleic or fumaric reactants. The
polyalkenes from which the substituent groups are derived are homopolymers
and interpolymers of polymerisable olefin monomers of 2 to about 16 carbon
atoms; usually 2 to about 6 carbon atoms. The inter- polymers are those in
which two or more olefin monomers are interpolymerised according to
well-known con- 4    EP 0 451380 B1 ventional procedures to form
polyalkenes having units within their structure derived from each of said
two or more olefin monomers. Thus, the polymers used include binary
copolymers, terpolymers, tetrapolymers, and the like. The polyalkenes from
which the substituent groups are derived are often referred to as polyolef
in(s). 5      The olefin monomers from which the polyalkenes are derived
are polymerisable olefin monomers charac- terised by the presence of one or
more ethylenically unsaturated groups (i.e., [err] that is, they are mono-
olefinic monomers such as ethylene, propylene, 1-butene, isobutene, and
1-octene or polyolefinic monomers (usually diolefinic monomers) such as
1,3-butadiene and isoprene. These olefin monomers are usually polymerisable
terminal olef ins; that is, olefins characterised by the 10  presence in
their structure of the group [err]. However, polymerisable internal olefin
monomers charac- terised by the presence within their structure of the
group [err] can also be used to form the polyalkenes. When internal olefin
monomers are employed, they normally will be employed with terminal olefins
to produce polyalkenes which are interpolymers. When a particular poly- 20
merisable olefin monomer can be classified as both a terminal olefin and an
internal olefin, it is usually cate- gorised as a terminal olef in. An
example of such a monomer is 1,3-pentadlene (i.e., piperylene). While the
polyalkenes from which the substituent groups of the succinic acylating
agents are derived gen- erally are hydrocarbon polyalkenes, they can
contain non-hydrocarbon groups such as loweralkoxy, loweralkyl mercapto,
hydroxy, mercapto, oxo, nitro, halo, cyano, carboalkoxy (i.e., 25 [err] 30
where alkyl" Is usually lower alkyl, namely an alkyl group containing up to
about 7 carbon atoms), alkanoyloxy (or carbalkoxy, i.e., [err] where
"alkyl" is usually lower alkyl), and the like, provided the non-hydrocarbon
substituents do not substan- 40  tially interfere with formation of the
substituted succinic acid acylating agents. When present, such non-hy-
drocarbon groups normally will not contribute more than about 10% by weight
of the total weight of the poly- alkenes. Since the polyalkene (can contain
such non-hydrocarbon substituents, it is apparent that the olefin monomers
from which the polyalkenes are made can also contain such substituents.
Normally, however, as a matter of practicality and expense, the olefin
monomers and the polyalkenes used are free from non-hydro- 45  carbon
groups, except chloro groups which usually facilitate the formation of the
substituted succinic acylating 



agents. Although the polyalkenes may include aromatic groups (especially
phenyl groups and lower alkyl- and-/or lower alkoxy-substituted phenyl
groups such as p-tert-butylphenyl)and cycloaliphatic groups such as would
be obtained from polymerisable cyclic olef ins or cycloaliphatic
substituted-polymerisable acyclic olefins, the 50  polyalkenes usually will
be free from such groups. Nevertheless, polyalkenes derived from
interpolymers of both 1,3-dienes and styrenes such as 1,3-butadiene and
styrene or 4-tert-butyl-styrene are exceptions to this generalisation.
Similarly, the olefin monomers from which the polyalkenes are prepared can
contain both ar- omatic and cycloaliphatic groups. Generally speaking
aliphatic hydrocarbon polyalkenes free from aromatic and cycloaliphatic
groups are 55   preferred for use in preparing the substituted succinic
acylating agents. Particularly preferred are polyalkenes which are derived
from homopolymers and interpolymers of terminal hydrocarbon olef ins of 2
to about 8 carbon atoms, most especially from 2 to 4 carbon atoms. While
interpolymers of terminal olefins are usually preferred, interpolymers
optionally containing up to about 40% of polymer units derived from
internal olefins of up to about 8 carbon atoms are also preferred. The most
preferred polyalkenes are polypropylenes and polyisobutenes.    EP 0 451
380 B1 Specific examples of terminal and internal olefin monomers which can
be used to prepare the polyalkenes according to conventional, well-known
polymerisation techniques include ethylene; propylene; 1-butene; 2-bu-
tene; isobutene; 1-pentene; 1-hexene; 1-heptene, 2-butene; isobutene;
2-pentene, 1-hexene; 1-heptene; 1- 5   octane; 1-nonene; 1-decene;
2-pentene; propylenetetramer; diisobutylene; isobutylene trimer,
1,2-butadiene; 1,3-butadiene; 1,2-pentadiene; 1,3-pentadiene;
1,4-pentadiene; isoprene; 1,5-hexadiene; 2-chloro-1,3- butadiene;
2-methyl-1-heptene; 4-cyclohexyl-1-butene; 3-pentene; 4-octene;
3,3-di-methyl-1-pentene; styr- ene; 2,4-dichlorostyrene; divinylbenzene;
vinyl acetate; allyl alcohol; 1-methyl-vinyl acetate; acrylonitrile; ethyl
acrylate; methyl methacrylate; ethyl vinyl ether; and methyl vinyl ketone.
Of these, the hydrocarbon polymer- 10  Isable monomers are preferred and of
these hydrocarbon monomers, the terminal olefin monomers are par- ticularly
preferred. Specific examples of polyalkenes include polypropylenes,
polybutenes, ethylene-propylene copolymers, styrene-isobutene copolymers,
isobutene-1,3-butadiene copolymers, propene-isoprene copolymers, isobu-
tene-chloroprene copolymers, isobutene-4-methyl-styrene copolymers,
copolymers of 1-hexene with 1,3-hex- 15  adiene, copolymers of 1-octene
with 1-hexene, copolymers of 1-heptene with 1-pentene, copolymers of 3-me-
thyl-1-butene with 1-octene, copolymers of 3,3-dimethyl-1-pentene with
1-hexene, and terpolymers of isobu- tene, styrene and piperylene. More
specific examples of such interpolyrners include copolymer of 95% (by
weight) of Isobutene with 5% (by weight) of styrene; terpolymer of 98% of
isobutene with 1% of piperylene and 1% of chloroprene; terpolymer of 95% of
isobutene with 2% of butene 1 and 3% of 1-hexene; terpolymer 20  of 60% of
isobutene with 20% of 1-pentene and 20% of octene-1; copolymer of 80% of
1-hexene and 20% of 1-heptene; terpolymer of 90% of isobutene with 2% of
cyclohexene and 8% of propylene; and copolymer of 80% of ethylene and 20%
of propylene. Preferred sources of polyalkenes are the polyisobutenes
obtained by polymerisation of [err] refinery streams which contain both
n-butene and isobutene in various proportions using a Lewis acid catalyst
such as aluminum trichloride or boron trifluoride. These polybutenes
usually contain pre- 25  dominantly (for example, greater than about 80% of
the total repeating units) of repeating units of the config- uration CH3 30
[err] 35     In preparing polyalkenes, conventional techniques known to
those skilled in the art include suitably con- trolling polymerisation
temperatures, regulating the amount and type of polymerisation initiator
and/or catalyst, employing chain terminating groups in the polymerisation
procedure, and the like. Other conventional techni- 



ques such as stripping (including vacuum stripping) a very light end and/or
oxidatively or mechanically degrad- ing high molecular weight polyalkene to
produce lower molecular weight polyalkenes can also be used. 40     In
preparing the substituted succinic acylating agents, one or more of the
above-described polyalkenes Is reacted with one or more maleic or fumaric
acidic reactants of the general formula [err] wherein X and X' are as
defined hereinbefore. Preferably the maleic and fumaric reactants will be
one or more compounds corresponding to the formula 50
[err] 55 wherein R and R' are as previously defined herein. Ordinarily the
maleic or fumaric reactants will be maleic acid, fumaric acid, maleic
anhydride, or a mixture of two or more of these. The maleic reactants are
usually preferred over the fumaric reactants because the former are more
readily available and are, In general, more readily reacted with the
polyalkenes (or derivatives thereof) to prepare the substituted succinic
acylating 6    EP 0 451 380 B1 agents. The most preferred reactants are
maleic acid, maleic anhydride, and mixtures of these. Any of a variety of
known procedures can be used to produce the substituted succinic acylating
agents. For convenience and brevity, when the term "maleic reactant" is
used hereafter, the term is generic to the 5   reactants corresponding to
Formulas IV and V above including mixtures of such reactants. One procedure
for preparing the substituted succinic acylating agents is illustrated, in
part, by the two- step procedure described in U.S. Pat. No. 3,219,666. It
involves first chlorinating the polyalkene until there Is an average of at
least about one chloro group for each molecule of polyalkene. Chlorination
involves merely contacting the polyalkene with chlorine gas until the
desired amount of chlorine Is incorporated into the chlor- 10  inated
polyalkene. Chlorination is generally carried out at a temperature of about
[err] to about [err]. If de- sired, a diluent can be used in the
chlorination procedure. Suitable diluents for this purpose include poly-
and perchlorinated and/or fluorinated alkanes and benzenes. The second step
in the two-step chlorination procedure is to react the chlorinated
polyalkenewith the male- Ic reactant at a temperature usually within the
range of about   [err] to about [err]. The mole ratio of chlor- 15  inated
polyalkene to maleic reactant is usually about 1:1. In this connection, a
mole of chlorinated polyalkene may be regarded as the the weight of
chlorinated polyalkene corresponding to the Mn value of the unchlorin- ated
polyalkene. However, a stoichiometric excess of maleic reactant can be
used, for example, a mole ratio of 1:2. If an average of more than about
one chloro group per molecule of polyalkene is introduced during the
chlorination step, then more than one mole of maleic reactant can react
permolecule of chlorinated polyalkene. 20  Accordingly, the ratio of
chlorinated polyalkene to maleic reactant may be referred to in terms of
equivalents, an equivalent weight of chlorinated polyalkene being the
weight corresponding to the Mn value divided by the average number of
chloro groups per molecule of chlorinated polyalkene. The equivalent weight
of a maleic reactant is its molecular weight. Thus, the ratio of
chlorinated polyalkene to maleic reactant will normally be such as to
provided about one equivalentof maleic reactant foreach mole of chlorinated
polyalkene up to about 25  one equivalent of maleic reactant for each
equivalent of chlorinated polyalkene with the understanding that It is
normally desirable to provide an excess of maleic reactant; for example, an
excess of about 5% to about 25% by weight. Unreacted excess maleic reactant
may be stripped from the reaction product, usually under vacuum, or reacted
during a further stage of the process as explained below. The resulting
polyalkenyl-substituted succinic acylating agent is, optionally, again
chlorinated if the desired 30  number of succinic groups are not present in
the product. If there is present, at the time of this subsequent
chlorination, any excess maleic reactant from the second step, the excess
will react as additional chlorine is 



introduced during the subsequent chlorination. Otherwise, additional maleic
reactant is introduced during andlor subsequent to the additional
chlorination step. This technique can be repeated until the total number of
succinic groups per equivalent weight of substituent groups reaches the
desired level. 35      Another procedure for preparing substituted succinic
acid acylating agents utilises a process described in U.S. Pat No.
3,912,764 and U.K. Pat. No. 1,440,219. According to that process, the
polyalkene and the maleic reactant are first reacted by heating them
together in a direct alkylation procedure. When the direct alkylation step
is completed, chlorine is introduced into the reaction mixture to promote
reaction of the remaining unreact- ed maleic reactants. According to the
patents, 0.3 to 2 or more moles of maleic anhydride are used In the re- 40
action for each mole of olef in polymer; i.e., polyalkene. The direct
alkylation step is conducted at temperatures of [err] to [err]. During the
chlorine-introducing stage, a temperature of [err] to [err] is employed.
Other known processes for preparing the substituted succinic acylating
agents include the one-step proc- ess described in U.S. Pat. Nos. 3,215,707
and 3,231,587. Basically, this process involves preparing a mixture of the
polyalkene and the maleic reactant in suitable proportions and introducing
chlorine into the mbdure, usu- 45  ally by passing chlorine gas through the
mixturewith agitation, while maintaining a temperature of at least about
[err]. Usually, where the polyalkene is sufficiently fluid at [err] and
above, there is no need to utilise an addi- tional substantially inert,
normally liquid solvent/diluent in the one-step process. However, if a
solvent/diluent is employed, it is preferably one that resists chlorination
such as the poly- and per-chlorinated and/or -fluor- 50  inated alkanes,
cycloalkanes, and benzenes. Chlorine may be introduced continuously or
intermittently during the one-step process. The rate of Intro- duction of
the chlorine is not critical although, for maximum utilisation of the
chlorine, the rate should be about the same as the rate of consumption of
chlorine in the course of the reaction. When the introduction rate of
chlorine exceeds the rate of consumption, chlorine is evolved from the
reaction mixture. It is often advanta- 55   geous to use a closed system,
including superatmospheric pressure, in order to prevent loss of chlorine
so as to maximize chlorine utilisation. The minimum temperature at which
the reaction in the one-step process takes place at a reasonable rate is
about [err]. Thus, the minimum temperature at which the process is normally
carried out is in the neigh- borhood of [err]. The preferred temperature
range is usually between about  [err] and about [err]. Higher 7    EP 0 451
380 B1 temperatures such as [err] or even higher may be used but usually
with little advantage. In fact, excessively high temperatures may be
disadvantageous because of the possibility that thermal degradation of
either or both of the reactants may occur at excessively high temperatures.
5      In the one-step process, the molar ratio of maleic reactant to
chlorine is such that there is at least about one mole of chlorine for each
mole of maleic reactant to be incorporated into the product Moreover, for
practical reasons, a slight excess, usually in the neighborhood of about 5%
to about 30% by weightof chlorine, is utilised in order to offset any loss
of chlorine from the reaction mixture. Larger amounts of excess chlorine
may be used. 10      Further details concerning procedures for producing
the substituted acylating agents have been exten- sively described in the
patent literature, such as for example in U.S. Pat. No. 4,234,435. Thus,
further ampli- fication of such procedures herein is deemed unnecessary.
Component (ii). The other principal reactant utilized in forming the
oil-soluble dispersants of this invention is a mixture of hydrocarbyl
polyamines containing from 10 to 50 weight percent acyclic alkylene
polyamines 15  and 50 to 90 weight percent cyclic alkylene polyamines.
Preferably such mixture is a mixture of polyethylene polyamines, especially
a mixture having an overall average composition approximating that of
polyethylene 



pentamine or a mixture having an overall average composition approximating
that of polyethylene tetramine. Another useful mixture has an overall
average composition approximating that of polyethylene hexamine. In this
connection, the terms "polyalkylene" and "polyethylene", when utilised in
conjunction with such terms as 20  "polyamine", "tetramine", "pentamine",
"hexamine", etc., denote that some of the adjacent nitrogen atoms In the
product mixture are joined by a single alkylene group whereas other
adjacent nitrogen atoms in the product mixture are joined by two alkylene
groups thereby forming a cyclic configuration, i.e., a substituted
piperazinyl structure. For example, the following mixture of compounds: 25
(b)            [err] (C) 35 40 (d) (e) 50 is termed herein a "polyethylene
tetramine" inasmuch as its overall composition is that of a tetramine (four
ami- no groups per molecule) in which acyclic components (a) and (b) have
three ethylene groups per molecule, cyclic components (c) and (d) have four
ethylene groups per molecule, and cyclic component (e) has five ethy- 8
EP 0 451 380 B1 lene groups per molecule. Thus, if the above mixture
contains from 10 to 50 weight percent of components (a) and (b) -- or
either of them -- and from 90 to 50 weight percent of components (c), (d)
or (e) -- or any two or all three of them -- it is a polyethylene tetramine
suitable for use in the practise of this invention. Small amounts 5   of
lower and/or higher molecular weight species may of course be present in
the mixture. Among the especially preferred embodiments of this invention
are formation of a succinimide product by: 1) use of a mixture of
polyalkylene polyamines (10-50% acyclic; 90-50% cyclic) having an overall
compo- sition approximating that of polyalkylene pentamine and further
characterised by containing on a weight basis: 10        a) from 2 to 10%
of polyalkylene tetramines; b) from 60 to 85% of polyalkylene pentamines;
c) from 10 to 20% of polyalkylene hexamines; and d) up to 10% lower and/or
higher analogs of the foregoing. 2) use of a mixture of polyalkylene
polyamines (10-50% acyclic; 90-50% cyclic) having an overall compo- 15
sition approximating that of polyalkylene pentamine and further
characterised by containing on a weight basis: a) at least 30% of the
cyclic isomer depicted as N-N=N-N-N b) at least 10% of the cyclic isomer
depicted as 20                                        [err] c) at least 2%
of the acyclic branched isomer depicted as [err] and 30        d) at least
5% of the acyclic linear isomer depicted as [err] 3) use of a mixture of
polyalkylene polyamines (10-50% acyclic; 90-50% cyclic) having an overall
compo- sition approximating that of polyalkylene tetramine and further
characterised by containing on a weight ba- 



sis: 35        a) at least 5% linear acyclic alkylene polyamines; b) at
least 10% branched acyclic alkylene polyamines; and c) at least 60% cyclic
alkylene polyamines. 4) use of a mixture of polyalkylene polyamines (10-50%
acyclic; 90-50% cyclic) having an overall compo- sition approximating that
of polyalkylene tetramine and further characterised by containing on a
weight ba- 40      sis: a) at least 30% of the cyclic isomer depicted as
N-N=N-N b) at least 20% of the cyclic isomer depicted as N=N-N-N 45
c) at least 10% of the acyclic branched isomer depicted as N - N - N I 50
N and d) at least 5% of the acyclic linear isomer depicted as N-N-N-N 55
In the structural representations depicted in 2) and 4) above, the -
(whether horizontal or vertical) rep- resents an alkylene group each of
which contains up to 6 carbon atoms, preferably from 2 to 4 carbon atoms,
and most preferably is the ethylene (dimethylene) group, i.e., the -CH2CH2-
group. Similarly, the " = " repre- sents a pairof such alkylene groups each
having up to 6 carbon atoms and preferably having from 2 to4 carbon atoms
each. In the most preferred cases, the = represents a pair of ethylene
(dimethylene) groups, each 9    EP 0 451 380 B1 having the formula [err].
As is Indicated by the structural representations presented above, both of
the alkylene groups in the cyclic structure depicted as " = "  extend
between the same pair of proximate nitrogen atoms. 5       In the above
depictions, hydrogen atoms satisfying the trivalent character of the
nitrogen atoms are not shown. Thus, when " - " is ethylene and " = " is a
pair of ethylene groups, the depiction "N = N - N - N" is a simplified
version of the formula: [err] Using the above simplified method of
depiction, the mixtures of alkylene polyamines used In the practise 15  of
this invention can include such acyclic species as: [err] 20 25
N-N-N-N-N-N-N 50 55 10    EP 0 451 380 B1 



[err] and similar higher molecular weight analogs up to those containing
approximately 10 to 12 nitrogen atoms in the molecule. Likewise, the
mixtures of alkylene polyamines used in the practise of this invention can
include such cyclic 20 species as: [err] 40    EP 0 451 380 B1 N-N=N-N=N-N
N=N-N=N-N=N N-N-N-N-N-N=N 5 [err] 10 25 and similar isomeric polyalkylene
heptamines and the higher molecular weight analogs up to those containing
approximately 10 to 12 nitrogen atoms in the molecule. Various procedures
may be used for producing the mixtures of hydrocarbyl polyamines used in
forming the dispersants of this invention. For example, one or more
individual acyclic alkylene polyamines and one or so   more Individual
cyclicalkylene polyamines may be separately synthesised by known procedures
and then com- bined in appropriate proportions. Alternatively and
preferably, the mixtures utilised in forming the dispersants of this
Invention are concurrently synthesised in appropriate proportions. Thus,
acyclic polyalkylene polya- mines can be formed using procedures described
in U.S. Pat. Nos. 4,036,881; 4,314,083; or4,399,308. These can be blended
with cyclic polyalkylene polyamines formed as in USSR 1,182,040 (30
September1985). Con- 35  current production of acyclic and cyclic
polyalkylene polyamines can be effected, for example, by a process such as
described in Romanian Patent 90714 (29 November 1986). See also U.S. Pat.
No. 3,462,493. Afeature of this invention is that when utilising suitable
mixtures of cyclic and acyclic polyalkylene polya- mines that are produced
concurrently under suitable reaction conditions, no special separation
procedures are required. Thus such mixtures can be produced and utilised in
the practise of this invention on an economical 40  basis. Reaction
Conditions. As noted above, the succinimide dispersants of this invention
are prepared by a proc- ess which comprises reacting (i) at least one
aliphatic hydrocarbyl substituted succinic acylating agent in which the
hydrocarbyl substituent contains an average of at least 40 carbon atoms
with (ii) a mixture consisting es- sentially of hydrocarbyl polyamines
containing from 10 to 50 weight percent acyclic alkylene polyamines and 45
50 to 90 weight percent cyclic alkylene polyamines. The proportions of
components (i) and (ii) utilised in the reaction can be varied to suit the
needs of the occasion. Generally speaking, however, the reaction mixture
will contain the reactants in mole ratios of from 1 to 5 moles of acylating
agent per mole of polyalkylene poly- amines. The preferred ratios fall in
the range of 1.1 to 2.5 moles of acylating agent per mole of polyalkylene
polyamine. The reaction is conducted at conventional temperatures in the
range of about [err] to about [err], 50  more preferably about [err] to
about [err]. 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 is con- ducted in the absence of
an ancillary solvent of this type, such is usually added to the reaction
product on completion of the reaction. In this way the final product is in
the form of a convenient solution in lubricating oil and thus is compatible
with a lubricating oil base stock. Suitable solvent oils are the same as
the oils used as 55   a lubricating oil base stock and these generally
include lubricating oils having a viscosity (ASTM D 445) of 2 



to 40, preferably3 to 12 [err]/secat [err], with the primarily paraffinic
mineral oils such as Solvent 100 Neutral being particularly preferred.
Othertypes of lubricating oil base stocks can be used, such as
syntheticlubricants Including polyesters, poly-[err]-olef ins (e.g.,
hydrogenated or unhydrogenated [err]-olef in oligomers such as hydro-
genated poly-1-decene), and the like. Blends of mineral oil and synthetic
lubricating oils are also suitable for 12    EP 0 451 380 B1 various
applications in accordance with this invention. Post-treatment Procedures.
The succinimide dispersants of this invention can be utilised with or
without post-treatment with other reagents. When utilising a post-treatment
procedure, any of a wide variety of post- 5   treating agents can be used.
Such post-treating agents include, for example, boron oxide, boron oxide
hydrate, boron halides, boron acids, esters of boron acids, carbon
disulphide, hydrogen sulphide, sulphur, sulphurchlor- ide, alkenyl
cyanides, carboxylic acid acylating agents, aldehyde, ketones, urea,
thiourea, guanidine, dicya- nodiamide, hydrocarbyl phosphates, hydrocarbyl
phosphites, hydrocarbyl thiophosphates, hydrocarbyl thio- phosphites,
phosphorus sulphides, phosphorus oxides, phosphoric acid, phosphorous acid,
hydrocarbyl thio- 10  cyanates, hydrocarbyl isocyanates, hydrocarbyl
isothiocyanates, epoxides, episulphides, formaldehyde or for- maldehyde
producing compounds plus phenols, and sulphur plus phenols. Preferred
post-treating agents and procedures involve use of phosphorus-containing
post-treating agents or boron-containing post-treating agents. The
phosphorus-containing post-treating agents comprise both inorganic and
organic compounds capable 15  of reacting with the dispersant in order to
introduce phosphorus or phosphorus-containing moieties into the dispersant.
Thus use can be made of phosphorus acids, phosphorus oxides, phosphorus
sulphides, phos- phorus esters, and like compounds. A few examples of such
compounds include such inorganic phosphorus compounds as phosphoric acid,
phosphorous acid, phosphorus pentoxide, phosphorus pentasulphide, tetra-
phosphorus heptasulphide, etc., and such organic phosphorus compounds as
monohydrocarbyl phosphites, 20  dihydrocarbyl phosphites, trihydrocarbyl
phosphites, monohydrocarbyl phosphates, dihydrocarbyl phosphates,
trihydrocarbyl phosphates, the hydrocarbyl pyrophosphates, and their
partial or total sulphur analogs wherein the hydrocarbyl group(s) contain
up to about 30 carbon atoms each. The boron-containing post-treating agents
likewise comprise both inorganic and organic compounds ca- pable of
reacting with the dispersant in order to introduce boron or
boron-containing moieties into the dispers- 25  ant. Accordingly, use can
be made of such inorganic boron compounds as the boron acids, and the boron
ox- Ides, including their hydrates. Typical organic boron compounds include
esters of boron acids, such as the or- thoborate esters, metaborate esters,
biborate esters, pyroboric acid esters, and the like. It is particularly
preferred to utilise. a combination of a phosphorus compound and a boron
compound in the post-treatment procedures conducted pursuantto this
invention so that the product of this Invention 18 both 30  phosphorylated
and boronated. Examples of inorganic phosphorus acids and anhydrides which
are useful in forming the preferred post-treated products of this invention
include phosphorous acid, phosphoric acid, hy- pophosphoric acid,
phosphorus trioxide (P203), phosphorus tetraoxide (P204), and phosphoric
anhydride [err]. Mixtures of two or more such compounds can be used. Most
preferred is phosphorous acid [err]. Illustrative examples of dihydrocarbyl
hydrogen phosphites which may be reacted with the basic nitrogen-con- 35
taining dispersants for the purposes of this invention, include diethyl
hydrogen phosphite, dibutyl hydrogen phosphite, di-2-ethylhexyl hydrogen
phosphite, didecyl hydrogen phosphite, dicyclohexyl hydrogen phosphite,
diphenyl hydrogen phosphite, isopropyl octyl hydrogen phosphite,
ditetradecyl hydrogen phosphite, dibenzyl hydrogen phosphite, and the like.
Normally the hydrocarbyl groups will each contain up to about 30 carbon
atoms. Mixtures of two or more such phosphites can be employed. Dibutyl
hydrogen phosphite Is a preferred 40  dihydrocarbyl phosphite. Among the
monohydrocarbyl-phosphites which can be utilized in the practice of this 



invention are included such compounds as monomethyl phosphite, monoethyl
phosphite, monobutyl phos- phite, monohexyl phosphite, monocresyl
phosphite, monobenzyl phosphite, monoallyl phosphite, and the like, and
mixtures of two or more such compounds. The hydrocarbyl group will normally
contain up to about 30 car- bon atoms. Mixtures of monohydrocarbyl and
dihydrocarbyl phosphites are also suitable, as are the trihydro- 45  carbyl
phosphites and the sulphur analogs of the foregoing phosphites. Thus the
phosphites may be repre- sented by the formula: [err] where each of [err]
is, independently, a hydrocarbyl group or a hydrogen atom, where each of
[err], [err] and [err] is, independently, an oxygen atom or a sulphur atom,
and where at least one of [err] is a 50  hydrocarbyl group. The
corresponding phosphates and phosphorothioates are also suitable
post-treating agents for use in the practise of this Invention. Such
compounds may be represented by the formula [err] where each of [err] is,
independently, a hydrocarbyl group or a hydrogen atom, where each of [err],
55   [err]and [err] is, independently, an oxygen atom or a sulphur atom,
and where at least one of [err] and [err] is a hydrocarbyl group. A
particularly preferred post-treating procedure involves reacting a
succinimide of this invention with (a) at least one oxyacid of phosphorus
and/or at least one anhydride thereof; or (b) at least one monohydrocarbyl
phosphite and/or at least one dihydrocarbyl hydrogen phosphite; or (c) any
combination of at least one from 13    EP 0 451 380 B1 (a) and at least one
from (b); and sequentially, and most preferably concurrently, with (d) at
least one boron compound. In either case -- i.e., where the succinimide is
reacted sequentially or concurrently in either order with (a) and (d), (b)
and (d), or (c) and (d) -- the reaction is conducted by heating the
reactants at a reaction 5   temperature within the range of 50 to [err],
preferably about 90 to [err], most preferably at about [err]. The over-all
reaction time may vary from about 1 hour or less to about 6 hours or more
depending on the tem- perature and the particular reactants employed. In
any event, the reactants are heated, preferably with agita- tion, to
produce a clear, oil-soluble product. Such reaction can be carried out in
the absence of solvent bymixing and heating the reactants. Preferably,
however, water is added to facilitate the initial dissolution of the boron
10  compound. Water formed in the reaction and any added water is then
removed by vacuum distillation at tem- peratures of from [err]. Preferably,
the reaction is carried out in a diluent oil ora solventsuch as a mixture
of aromatic hydrocarbons. One advantage of utilising the combination of a
phosphorus-containing post-treating agent and a boron-containing
post-treating agent is that in many cases the treatment can be conducted in
the presence of other components normally present in lubricating oil
formulations. 15     In the preferred embodiments of this invention wherein
a boron compound is reacted sequentially In either order or preferably
concurrently with the basic nitrogen-containing dispersant(s) and the
phosphorus reac- tant(s), use can be made of such compounds as, for
example, boron acids such as boric acid, boronic acid, tetraboric acid,
metaboric acid, pyroboric acid, esters of such acids, such as mono-, di-
and tri-organic esters with alcohols having 1 to 20 carbon atoms, e.g.,
methanol, ethanol, propanol, isopropanol, the butanols, the 20  pentanols,
the hexanols, the octanols, the decanols, ethylene glycol, propylene glycol
and the like, and boron oxides such as boron oxide and boron oxide hydrate.
Another particularly preferred embodiment of this invention involves the
post-treatment of the succini- mides of this invention with a low molecular
weight dicarboxylic acid acylating agent such as maleic anhydride, maleic
acid, malic acid, fumaric acid, azelaic acid, adipic acid, succinic acid,
alkenyl succinic acids and/or an- 25 hydrides (in which the alkenyl group
contains up to about 24 carbon atoms), and the like. Such acylating agents 



are reacted with the succinimide dispersants of this invention at
temperatures in the range of 80 to [err], more preferably 140 to [err].
These reactions may be conducted in the presence or absence of an ancillary
diluent or liquid reaction medium, such as a mineral oil solvent. If the
reaction is conducted in the absence of an ancillary solvent of this type,
such is usually added to the reaction product on completion of the
reaction. 30  In this way the final product is in the form of a convenient
solution in lubricating oil and thus is compatible with a lubricating oil
base stock. Suitable solvent oils are the same as the oils 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 [err] at
[err] with the primarily paraffinic mineral oils such as Solvent 100
Neutral being particularly pre- ferred. Othertypes of lubricating oil base
stocks can be used, such as synthetic lubricants including polyesters, 35
poly-[err]-olefins (e.g., hydrogenated or unhydrogenated [err]-olefin
oligomers such as hydrogenated poly-1- decene), and the like. Blends of
mineral oil and synthetic lubricating oils are also suitable for various
applica- tions in accordance with this invention. It will be appreciated
that other types of post-treating agents can be used in the practise of
this invention, such as those referred to hereinabove. Since post-treating
processes involving those post-treating reagents 40 are known as regards
post-treatment of reaction products of amines and high molecular weight
acylating agents of the prior art, detailed desciptions of these processes
is deemed unnecessary. In order to apply the prior art processes to the
succinimides of this invention, all that is required is that the reaction
conditions, ratio of re- actants, and like processing details as described
in the prior art be applied to the novel succinimides of this invention.
Reference may be had to the following patents for details concerning such
prior art post-treating 45  procedures: U.S. Pat. Nos. 3,087,936;
3,184,411; 3,185,645; 3,185,704; 3,200,107; 3,254,025; 3,256,185;
3,278,550; 3,280,034; 3,281,428; 3,282,955; 3,284,410; 3,312,619;
3,338,832; 3,344,069; 3,366,569; 3,367,943; 3,369,021; 3,373,111;
3,390,086; 3,458,530; 3,470,098; 3,502,677; 3,511,780; 3,513,093;
3,541,012; 3,551,466; 3,558,743, 3,573,205; 3,652,616; 3,718,663;
3,749,695; 3,865,740; 3,865,813; 3,954,639; 4,338,205; 4,401,581;
4,410,437; 4,428,849; 4,548,724; 4,554,086; 4,608,185; 4,612,132; 50
4,614,603, 4,615,826; 4,645,515; 4,710,201; 4,713,191; 4,746,446;
4,747,850; 4,747,963; 4,747,964; 4,747,965; and 4,857,214. See also British
Patents 1,085,903 and 1,162,436. Alternatively, pre-treatment pro- cedures
such as described in U.S. Pat. Nos. 3,415,750 and 4,713,189 can be used.
Finished lubricating oil compositions of this invention are prepared
containing the dispersantof this inven- tion together with conventional
amounts of other additives to provide their normal attendant functions. 55
The benefits achievable by the practise of this invention are illustrated
in the following specific examples which are not to be construed as
limitations on this invention. In Examples 1-4, use is made of the standard
Volkswagen P. VW 3334 Seal Test in order to demonstrate the enhancement in
fluoroelastomer compatibility achievable by the practise of this invention.
In the examples, all parts and percentages are by weight unless otherwise
clearly specif ied. 14    EP 0 451 380 B1 The Volkswagen RVW 3334 Seal Test
involves keeping a test specimen of fluoroelastomer (VITON AK6) in an oil
blend at [err] for 96 hours and then comparing both the change in
elongation to break and the tensile strength of the test specimen to the
corresponding pro perties of a fresh specimen of the same fluoroelastomer.
5   The exposed test specimen is also examined for the presence of cracks.
In these tests, a lubricant passes the test if the exposed test specimen
exhibits a change in elongation to break (as compared to an untested spe-
cimen) of no more than -25% and a tensile 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 L-39-T-87 Oil/Elastomer
Compatibility Test. This test 10  is similar to the VW Test except that it
is a 7-day test rather than a 4-day test, the elastomer Is VITON RE 1, 



and the pass/fail points are -50% tensile strength and -60% elongation.
Experiments conducted todate indicate that the CCMC Seal Test is less
stringent than the VW Seal Test. EXAMPLE 1 15 A succinimide dispersant of
this invention is prepared by reacting 450 parts of polyisobutenyl succinic
an- hydride formed from polyisobutene having a number average molecular
weight of 1300 with 25.2 parts of a mixture of polyethylene polyamines
having an overall composition approximating that of polyethylene tetra-
mine. Such mixture contains the following percentages of the specified
components as measured by integra- 20  tion of the peaks in a gas-liquid
chromatogram: Cyclic Polyethylene Polvamines
Percentage N = N - N                                   1.6 25 N - N  N - N
45.8 N   = N - N - N                           2.8 30
76.2 Acyclic Polyethylene Polyamines [err] 40
22.8 Other Components                                       1.0 45   The
reaction between the foregoing polyisobutenyl succinic anhydride and the
foregoing mixture of ethylene polyamines is conducted at [err] until
evolution of water ceases (between approximately 4 to 7 hours). Upon
completion of the reaction, the product is diluted with 100 solvent neutral
mineral oil to a nitrogen content In the solution of 1.20 percent. 50
EXAMPLE 2 (COMPARATIVE) A succinimide dispersant not of this invention is
prepared as in Example 1 except that the mixture of poly- ethylene
polyamines having an overall composition approximating that of triethylene
tetramine used contains the following percentages of the specified
components as measured by integration of the peaks in a gas-liquid 55
chromatogram:    EP 0 451 380 B1 Cyclic Polyethylene Polyamines
Percentage 5                            [err]
0.1 2.9 3.9 10 6.9 ACyclic Polyethylene Polvamines 15
[err]                                1.6 87.3 3.7 20 92.6 Other Components
0.5 25 Upon completion of the reaction, the product is diluted with 100
solvent neutral mineral oil to a nitrogen content in the solution of 1.31
percent. 



EXAMPLE 3 30 A succinimide dispersant of this invention is prepared by
reacting 450 parts of polyisobutenyl succinic an- hydride formed from
polyisobutene having a number average molecular weight of 1300 with 32.6
parts of a mixture of polyethylene polyamines having an overall composition
approximating that of polyethylene penta- mine. Such mixture contains the
following percentages of the specified components as measured by integra-
35  tion of the peaks in a gas-liquid chromatogram: 40 45 55 16    EP 0 451
380 B1 Cyclic Pentaethylene Pentamines    Percentage 5
[err]                               49.2 14.7 63.9 10 Acyclic Tetraethylene
Pentamines [err]                                        7.2 15 4.2 11.4 20
Polyethylene Tetramines                                    5.7 Polyethylene
Hexamines                                   15.7 25 Other Components
3.3 30   The reaction between the foregoing polyisobutenyl succinic
anhydride and the foregoing mixture of ethylene polyamines is conducted at
[err] until evolution of water ceases (between approximately 4 to 7 hours).
Upon completion of the reaction, the product is diluted with 100 solvent
neutral mineral oil to a nitrogen content in the solution of 1.62 percent.
35   EXAMPLE 4 (COMPARATIVE) Asuccinimide dispersant not of this invention
is prepared as in Example 3 except that the mixture of poly- ethylene
polyamines having an overall composition approximating that of polyethylene
pentamine used con- tains the following percentages of the specified
components as measured by integration of the peaks in a gas- 40  liquid
chromatogram: 46 50 55 17    EP 0 451 380 B1 Cyclic Pentaethylene
Pentamines    Percentage 



5                                [err]                           13.1 2.9
16.0 10 Acyclic Tetraethylene Pentamines [err]
52.3 15 24.4 76.7 20 Polyethylene Tetramines
2.3 Polyethylene Hexamines                                      4.8 25
Other Components                                            0.2 Upon
completion of the reaction, the product is diluted with 100 solvent neutral
mineral oil to a nitrogen content 30  in the solution of 1.81 percent.
Finished gasoline engine crankcase lubricating oils containing the
substituted succinimide dispersants of Examples 1-4 were formulated. Each
such oil contained 5.8% of the additive concentrate comprising the suc-
cinimide dispersant and the diluent oil. In addition, each finished
lubricating oil contained 3.4% of an additive formulation comprising
conventional amounts of overbased sulfonates, zinc dialkyl dithiophosphate,
antioxi- 35 dant, rust inhibitor, and antifoam agent Additionally, each
such oil contained an alkyl polymethacrylate pour point depressant and an
olef in copolymer viscosity index improver such that the lubricant was
formulated as an SAE 15W/40 crankcase lubricating oil. The resultant
finished lubricating oils were subjected to the Volkswagen P.VW 3334 Seal
Test. The results of this series of tests are summarised in Table 1. 40
Table 1 - Results of Volkswagen Seal Tests 45                      Change
in Elongation Tensile Strength Succinimide to Break Compared to   Compared
to Used             Fresh  Seal.  %                Fresh  Seal,
Cracking Example 1                    -22.6                      -25.6
Pass Example 2                    -42.4                      -52.2
Fail Example 3                    -23.6                       -28.4
Pass 55  Example 4                      -39.4                       -51.6
Fail The following examples still further illustrate the practise of this
invention. 18    EP 0 451 380 B1 EXAMPLE 5 A polyethylene tetramine mixture
consisting essentially of approximately 37% linear triethylene tetramine 5
(N - N - N - N) and approximately 63% of piperazinoethylethylene diamine (N
= N - N - N) is formed as in Ex- ample 8 of U.S. Pat. No. 3,462,493 by
reacting ethylene diamine and ethylene dichloride in a mole ratio of 5:1 at
[err] for 390 minutes, treating the reaction mixture with a substantial
excess of aqueous sodium hydroxide solution, and recovering the linear
triethylene tetramine and piperazinoethylethylene diamine by subjecting the
resultantreaction mixture to distillation at sub-atmospheric pressure. The
foregoing mixture of lineartriethylene 10  tetramine and
piperazinoethylethylene diamine is reacted at [err] with polyisobutenyl
succinic anhydride In 



a mole ratio of 1.5 moles of polyisobutenyl succinic anhydride per mole of
polyethylene tetramines. The poly- isobutenyl succinic anhydride used in
this reaction is formed from polyisobutene having a number average mo-
lecularweightof 980. The succinimide productformed in the reaction is
diluted with 100 solventneutral mineral oil. 15 EXAMPLES 6- 10 Five
succinimide products of this invention are prepared by reacting
polyisobutenyl succinic anhydride (formed from polyisobutene having a
number average molecular weight of 1250) with the following respective 20
mixtures of polyethylene polyamines formed by blending together the
individual components in the proportions specified: Proportions.  Weight
Percent 25     Ex. No.           AEP               TETA
BAEP                TEPA 6             30                10
40                  20 7             20                20
40                  20 30 8             20                25
30                  25 9             40                10
40                  10 35        10             45                 15
25                  15 AEP =   N-(2-aminoethyl)  piperazine TETA  = Acyclic
triethylene tetramines BAEP = N,N'-bis(2-aminoethyl)piperazine TEPA =
Acyclic tetraethylene pentamines 45  The reactants are employed in mole
ratios of 1.8 moles of the polyisobutenyl succinic anhydride per mole of
the polyethylene polyamines. The reactions are conducted at [err] until
evolution of water ceases. The re- sultant products are each dissolved in
100 solvent neutral mineral oil thereby forming five pre-blend concen-
trates of this invention. 50   EXAMPLES 11-15 To portions of the respective
pre-blend concentrates of Examples 6-10 are added phosphorous acid, boric
acid and water in proportions of 250 parts of the respective succinimides,
100 parts of mineral oil diluent, 8 parts of phosphorous acid, 8 parts of
boric acid, and 3 parts of water. The mixtures are heated at [err] for 2 55
hours until all of the solid materials are dissolved. Avacuum of 40 mm (5.3
kPa) is gradually drawn on the prod- uct to remove the water formed while
the temperature is slowly raised to [err]. The resultant succinimides are
both phosphorylated and boronated.    EP 0 451 380 B1 EXAMPLES 16 - 20 To
portions of the respective pre-blend concentrates of Examples 6-10 are
added, respectively, maleic an- 5   hydride, maleic acid, fumaric acid,
malic acid, and adipic acid in amounts corresponding to 1.3 moles thereof
permole of polyethylene polyamines used in the syntheses of Examples 6-10.
The resultantmixturesare heat- ed at [err] for 1.5 hours to produce
post-treated acylated succinimide products of this invention. The
dispersants of this invention can be incorporated in a wide variety of
lubricants in effective amounts to provide active ingredient concentrations
in finished formulations generally within the range of 0.1 to 10 10
weight percent, for example, 1 to 9 weight percent, preferably 2 to 8
weight percent, of the total composition. Conventionally, the dispersants
are admixed with the lubricating oils as dispersantsolution concentrates
which usually contain 50 weight percent or more of the active ingredient
additive compound dissolved in mineral oil, preferably a mineral oil having
an ASTM D-445 viscosity of 2 to 40, preferably 3 to 12 centistokes [err] at



[err]. The lubricating oil not only can be hydrocarbon oils of lubricating
viscosity derived from petroleum but 15  also can be natural oils of
suitable viscosities such as rapeseed oil, etc., and synthetic lubricating
oils such as hydrogenated polyolefin oils; poly-[err]-olefins (e.g.,
hydrogenated or unhydrogenated [err]-olefin oligomers such as hydrogenated
poly-1-decene); alkyl esters of dicarboxylic acids; complex esters of
dicarboxylic acid, poly- glycol and alcohol; alkyl esters of carbonic or
phosphoric acids; polysilicones; fluorohydrocarbon oils; and mix- tures or
lubricating oils and synthetic oils in any proportion, etc. The term
"lubricating oil" for this disclosure 20  Includes all the foregoing. The
dispersant may be conveniently dispensed as a concentrate of 10 to 80
weight percent of mineral oil, e.g., Solvent 100Neutral oil with or without
other additives being present and such con- centrates are a further
embodiment of this invention. The dispersants of this invention can thus be
used in lubricating oil and functional fluid compositions, such as
automotive crankcase lubricating oils, automatic transmission fluids, gear
oils, hydraulic oils, cutting oils, 25  etc., In which the base oil of
lubricating viscosity is a mineral oil, a synthetic oil, a natural oil such
as a vegetable oil, or a mixture thereof, e.g. a mixture of a mineral oil
and a synthetic oil. Suitable mineral oils include those of appropriate
viscosity refined from crude oil of any source including Gulf Coast,
Midcontinent, Pennsylvania, California, Alaska, Middle East, North Sea and
the like. Standard re- finery operations may be used in processing the
mineral oil. 30      Synthetic oils include both hydrocarbon synthetic oils
and synthetic esters. Useful synthetic hydrocarbon oils include liquid
alpha-olef in polymers of appropriate viscosity. Especially useful are
hydrogenated or unhy- drogenated liquid oligomers of [err] alpha-olefins,
such as hydrogenated or unhydrogenated alpha-decene trimer. Alkyl benzenes
of appropriate viscosity, e.g. didodecylbenzene, can also be used. Useful
synthetic esters include the esters of monocarboxylic and polycarboxylic
acids with monohydroxy 35  alcohols and polyols. Typical examples are
didodecyl adipate, trimethylolpropane tripelargonate, pentaerythri- tol
tetracaproate, di(2-ethylhexyl) adipate, and dilauryl sebacate. Complex
esters made from mixtures of mono- and dicarboxylic acids and mono- and/or
polyhydric alkanols can also be used. Typical natural oils that may be used
include castor oil, olive oil, peanut oil, rapeseed oil, corn ol, sesame
oil, cottonseed oil, soybean oil, sunflower oil, safflower oil, hemp oil,
linseed oil, tung oil, olticica oil, jojoba oil, 40   and the like. Such
oils may be partially or fully hydrogenated, if desired. Viscosity index
improvers may be included in the mineral, synthetic and natural oils (or
any blends thereof) in order to achieve the viscosity properties deemed
necessary or desirable. The finished lubricating oil and functional fluid
compositions of the present invention will usually also con- tain other
well-known additives such as the zinc dialkyl [err] and/or diaryl [err]
dithiophosphate wear 45   inhibitors, generally present in amounts of about
0.5 to 5 weight percent. Useful detergents for use in such com- positions
include the oil-soluble normal basic oroverbased metal, e.g., calcium,
magnesium, barium, etc., salts of petroleum naphthenic acids, petroleum
sulfonic acids, alkyl benzene sulphonic acids, oil-soluble fatty acids,
alkyl salicylic acids, sulphurised or unsulphurised alkyl phenates, and
hydrolysed or unhydrolysed phospho- sulphurised polyolef ins. Gasoline
engine crankcase lubricants typically contain, for example, from 0.5 to 5
50   weight percent of one or more detergent additives. Diesel engine
crankcase oils may contain substantially high- er levels of detergent
additives. Preferred detergents are the calcium and magnesium normal or
overbased phenates, sulphurised phenates or sulphonates. Pour point
depressants which may be present in amounts of from 0.01 to 1 weight
percent include wax alkylated aromatic hydrocarbons, olefin polymers and
copolymers, and acrylate and methacrylate polymers 55   and copolymers.
Viscosity index improvers, the concentrations of which may vary in the
lubricants from 0.2 to 15 weight percent, (preferably from about 0.5 to
about 5 weight percent) depending on the viscosity grade required, in-
clude hydrocarbon polymers grafted with, for example, nitrogen-containing
monomers, olefin polymers such as polybutene, ethylene-propylene
copolymers, hydrogenated polymers and copolymers and terpolymers of 20  



EP 0 451 380 B1 styrene with isoprene and/or butadiene, polymers of alkyl
acrylates or alkyl methacrylates, copolymers of alkyl methacrylates with
N-vinyl pyrrolidone or dimethylaminoalkyl methacrylate, post-grafted
polymers of ethy- lene-propylene with an active monomersuch as maleic
anhydride which may be further reacted with an alcohol 5   or an alkylene
polyamine, styrene/maleic anhydride polymers post-treated with alcohols and
amines, etc. Antiwear activity can be provided by about 0.01 to 2 weight
percent in the oil of the aforementioned metal dihydrocarbyl
dithiophosphates and the corresponding precursor esters, phosphosulphurised
pinenes, sulphu- ised olefins and hydrocarbons, sulphurised fatty esters
and alkyl polysulphides. Preferred are the zinc dihy- drocarbyl
dithiophosphates which are salts of dihydrocarbyl esters of
dithiophosphoric acids. 10      Other ashless dispersants may be included
in the compositions of this invention, if desired. For this pur- pose, use
may be made of long chain hydrocarbyl amines, Mannich type reaction
products formed from suitable amines, phenols, and aldehydes such as
formaldehyde, conventional types of succinimide dispersants, suc- cinic
acid esters, succinic acid ester amides, or combinations of two or more of
the foregoing. Other additives include effective amounts of friction
modifiers or fuel economy additives such as the alkyl 15  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, oleamide, etc., which are present in the oil in amounts 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 oil. 20
Antioxidants or thermal stabilisers which may be included in the lubricant
and functional fluid compositions of this Invention include hindered
phenols (e.g., 2,6-di-tert-butyl-para-cresol, 2,6-di-tert-butylphenol,
4,4'-me- thylenebis(2,6-di-tert-butylphenol), and mixed methylene bridged
polyalkyl phenols), amines, sulphurised phe- nols, alkyl phenothiazines,
phosphite esters, substituted triazines and ureas, and copper compounds
such as copper naphthenate and copper oleate, among others. Preferred
antioxidants are sterically hindered phenols, 25   methylene-bridged
sterically hindered polyphenols, and secondary aromatic amines, and
mixtures thereof. An- tioxidants are usually present in the lubricant in
amounts of from 0.001 to 2 weight percent. Other well known components such
as rust inhibitors, wax modifiers, foam inhibitors, copper passivators,
sulphur scavengers, seal swell agents, color stabilisers, and like
materials can be included In the compositions of this invention, provided
of course that they are compatible with the antioxidant system of this
invention and 30  the other component or components being employed. The
dispersants of this invention can also be employed in various fuel
compositions, such as diesel fuels, burner fuels, gas oils, bunker fuels,
and similar products. As noted above, this invention also includes among
its embodiments improved methods of lubricating mechanical parts in the
presence of at least one fluoroelastomer surface. In the practise of such
methods, 35  the lubrication is effected by means of a lubricating oil or
functional fluid containing a dispersant of this inven- tion. The practise
of such methods results in a lower- oftentimes a substantially lower--
amount of degradation of the fluoroelastomer contacted by the lubricating
oil or functional fluid containing such dispersants as com- pared to the
amount of degradation that would occur under the same conditions using the
same oil or fluid composition containing the same quantity of succinimide
dispersant made in the same way except for the use 40  in the synthesis of
the dispersant of a conventional mixture of alkylene polyamines
predominating in ayclic isomers. In another of its forms this invention
provides in combination, (a) a mechanical mechanism containing mov- ing
parts to be lubricated, (b) a lubricating oil or functional fluid
composition for lubricating such parts, and (c) a fluoroelastomer in
contact with at least a portion of such lubricating oil or functional fluid
during operation of 45  such mechanism, characterised in that the
lubricating oil or functional fluid composition for effecting such lu-
brication contains as a dispersant therefor, a dispersant prepared by the
process of this invention described 



hereinabove. Among the mechanical mechanisms and systems lubricated in this
manner are the crank-cases of internal combustion engines;
vehiculartransmissions; hydraulic systems; hypoid axles; mechanical
steering drives in passenger cars, in trucks, and in cross-country
vehicles; planetary hub reduction axles and transfer 50   gear boxes in
utility vehicles such as trucks; pinion hub reduction gear boxes;
synchromesh and synchroniser type gear boxes; power take-off gears; and
limited slip rear axles. The dispersants can also be utilised in metal
working, machining, and cuffing oils such as are applied to work pieces
during cutting and shaping operations. 55   Claims 1. An oil-soluble
dispersant composition formed by reacting (i) at least one aliphatic
hydrocarbyl substituted succinic acylating agent in which the hydrocarbyl
substituent contains an average of at least 40 carbon atoms with (ii) a
mixture of hydrocarbyl polyamines containing from 10 to 50 weight percent
acyclic poly- 21    EP 0 451 380 B1 styrene with isoprene and/or butadiene,
polymers of alkyl acrylates or alkyl methacrylates, copolymers of alkyl
methacrylates with N-vinyl pyrrolidone or dimethylaminoalkyl methacrylate,
post-grafted polymers of ethy- lene-propylene with an active monomer such
as maleic anhydride which may be further reacted with an alcohol 5   or an
alkylene polyamine, styrene/maleic anhydride polymers post-treated with
alcohols and amines, etc. Antiwear activity can be provided by about 0.01
to 2 weight percent in the oil of the aforementioned metal dihydrocarbyl
dithiophosphates and the corresponding precursor esters, phosphosulphurised
pinenes, sulphu- rised olefins and hydrocarbons, sulphurised fatty esters
and alkyl polysulphides. Preferred are the zinc dihy- drocarbyl
dithiophosphates which are salts of dihydrocarbyl esters of
dithiophosphoric acids. 10      Other ashless dispersants may be included
in the compositions of this invention, if desired. For this pur- pose, use
may be made of long chain hydrocarbyl amines, Mannich type reaction
productsformed from suitable amines, phenols, and aldehydes such as
formaldehyde, conventional types of succinimide dispersants, suc- cinic
acid esters, succinic acid ester amides, or combinations of two or more of
the foregoing. Other additives include effective amounts of friction
modifiers or fuel economy additives such as the alkyl 15  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, oleamide, etc., which are present in the oil in amounts 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 oil. 20
Antioxidants or thermal stabilisers which may be included in the lubricant
and functional fluid compositions of this invention include hindered
phenols (e.g., 2,6-di-tert-butyl-para-cresol, 2,6-di-tert-butylphenol,
4,4-me- thylenebis(2,6-di-tert-butylphenol), and mixed methylene bridged
polyalkyl phenols), amines, sulphurised phe- nols, alkyl phenothiazines,
phosphite esters, substituted triazines and ureas, and copper compounds
such as copper naphthenate and copper oleate, among others. Preferred
antioxidants are sterically hindered phenols, 25   methylene-bridged
sterically hindered polyphenols, and secondary aromatic amines, and
mixtures thereof. An- tioxidants are usually present in the lubricant in
amounts of from 0.001 to 2 weight percent. Other well known components such
as rust inhibitors, wax modifiers, foam inhibitors, copper passivators,
sulphur scavengers, seal swell agents, color stabilisers, and like
materials can be included in the compositions of this invention, provided
of course that they are compatible with the antioxidant system of this
Invention and 30  the other component or components being employed. The
dispersants of this invention can also be employed in various fuel
compositions, such as diesel fuels, burner fuels, gas oils, bunker fuels,
and similar products. As noted above, this invention also includes among
its embodiments improved methods of lubricating mechanical parts in the
presence of at least one fluoroelastomer surface. In the practise of such
methods, 



35  the lubrication is effected by means of a lubricating oil or functional
fluid containing a dispersant of this inven- tion. The practise of such
methods results in a lower -- oftentimes a substantially lower -- amount of
degradation of the fluoroelastomer contacted by the lubricating oil or
functional fluid containing such dispersants as com- pared to the amount of
degradation that would occur under the same conditions using the same oil
or fluid composition containing the same quantity of succinimide dispersant
made in the same way except for the use 40  in the synthesis of the
dispersant of a conventional mixture of alkylene polyamines predominating
in acyclic isomers. In anotherof itsforms this invention provides in
combination, (a) a mechanical mechanism containing mov- ing parts to be
lubricated, (b) a lubricating oil or functional fluid composition for
lubricating such parts, and (c) a fluoroelastomer in contact with at least
a portion of such lubricating oil or functional fluid during operation of
45  such mechanism, characterised in that the lubricating oil or functional
fluid composition for effecting such lu- brication contains as a dispersant
therefor, a dispersant prepared by the process of this invention described
hereinabove. Among the mechanical mechanisms and systems lubricated in this
manner are the crank-cases of internal combustion engines; vehicular
transmissions; hydraulic systems; hypoid axles; mechanical steering drives
in passenger cars, in trucks, and in cross-country vehicles; planetary hub
reduction axles and transfer 50  gear boxes in utility vehicles such as
trucks; pinion hub reduction gear boxes; synchromesh and synchroniser type
gear boxes; power take-off gears; and limited slip rear axles. The
dispersants can also be utilised in metal working, machining, and cutting
oils such as are applied to work pieces during cutting and shaping
operations. 55   Claims 1. An oil-soluble dispersant composition formed by
reacting (i) at least one aliphatic hydrocarbyl substituted succinic
acylating agent in which the hydrocarbyl substituent contains an average of
at least 40 carbon atoms with (ii) a mixture of hydrocarbyl polyamines
containing from 10 to 50 weight percent acyclic poly- 21    EP 0 451 380
B11 alkylene polyamines and 50 to 90 weight percent cyclic polyalkylene
polyamines. 2. Acomposition as claimed in Claim 1 wherein component (ii)
used in forming said composition is of a mix- 5       ture of polyethylene
polyamines. 3. A composition as claimed in Claim 1 wherein component (ii)
used in forming said composition Is of a mix- ture of polyethylene
polyamines having an overall average composition approximating that of
polyethy- lene pentamine. 10  4. A composition as claimed in Claim 3
wherein said mixture of polyethylene polyamines is further charac- tersed
by containing on a weight basis: a) from 2 to 10% of polyethylene
tetramines; b) from 60 to 85% of polyethylene pentamines; c) from 10 to 20%
of polyethylene hexamines; and d) up to 10% lower and/or higher analogs of
the foregoing. 5. A composition as claimed in Claim 3 wherein said mixture
of polyethylene polyamines is further charac- terised by containing on a
weight basis: a) at least 30% of the isomer depicted as 20              N-N
= N-N-N b) at least 10% of the isomer depicted as N=N-N- N-N c) at least 2%
of the isomer depicted as 25 N -N -N -N 



N and 30        d) at least 5% of the isomer depicted as N-N-N-N-N wherein
the "-" (whether horizontal or vertical) represents an alkylene group each
of which contains up to6 carbon atoms and the "=" represents a pair of such
alkylene groups each having up to 6 carbon atoms. 35  6. A composition as
claimed in Claim 1 wherein component (ii) used in forming said composition
consists essentially of a mixture of polyethylene polyamines having an
overall average composition approximating that of polyethylene tetramine.
7. A composition as claimed in Claim 6 wherein said mixture of polyethylene
polyamines is further charac- 40      terised by containing on a weight
basis: a) at least 5% linear acyclic polyethylene polyamines; b) at least
10% branched acyclic polyethylene polyamines; and c) at least 60% cyclic
polyethylene polyamines. 45 8. A composition as claimed in Claim 6 wherein
said mixture of polyethylene polyamines is further charac- terised by
containing on a weight basis: a) at least 30% of the isomer depicted as
N-N=N-N b) at least 20% of the isomer depicted as 50              N=N-N-N
c) at least 10% of the isomer depicted as N - N - N N 55 and d) at least 5%
of the isomer depicted as N-N-N-N 22 1111    EP 0 451 380 B1 wherein the
"-" (whether horizontal or vertical) represents an alkylene group each of
which contains up to 6 carbon atoms and the = represents a pairof such
alkylene groups each having up to 6 carbon atoms. 9.  A composition as
claimed in any of Claims 1 through 8 wherein component (i) used in forming
said com- position consists essentially of at least one hydrocarbyl
substituted succinic acylating agent in which the substituent is
principally alkyl, alkenyl, or polyethylenically unsaturated alkenyl, or
any combination there- of and wherein such substituent has an average of
from 50 to 5000 carbon atoms. 10  10. A composition as claimed in any of
Claims 1 through 8 wherein said component (i) used in forming said
composition consists essentially of (a) at least one polyisobutenyl
substituted succinic acid or (b) at least one polyisobutenyl substituted
succinic anhydride or (c) a combination of at least one polyisobutenyl sub-
stituted succinic acid and at least one polyisobutenyl substituted succinic
anhydride in which the polyiso- butenyl substituent in (a), (b) or (c) is
derived from polyisobutene having a number average molecular 15      weight
in the range of 700 to 5,000. 11. A composition as claimed in any of Claims
1 through 10 further characterised in that such composition is post-treated
by reaction with at least one post-treating reagent selected from the group
consisting of boron oxide, boron oxide hydrate, boron halides, boron acids,
esters of boron acids, carbon disulphide, 



20       hydrogen sulphide, sulphur, sulphur chloride, alkenyl cyanides,
carboxylic acid acylating agents, aide- hyde, ketones, urea, thiourea,
guanidine, dicyanodiamide, hydrocarbyl phosphates, hydrocarbyl phos-
phites, hydrocarbyl thiophosphates, hydrocarbyl thiophosphites, phosphorus
sulphides, phosphorus ox- ides, phosphoric acid, phosphorous acid,
hydrocarbyl thiocyanates, hydrocarbyl isocyanates, hydrocarbyl
isothiocyanates, epoxides, episulphides, formaldehyde or formaldehyde
producing compounds plus phe- 25       nols, and sulphur plus phenols. 12.
A composition as claimed in any of Claims 1 through 10 further
characterised in that such composition is post-treated by reaction
concurrently or sequentially with at least one phosphorus-containing post-
treating reagent and at least one boron-containing post-treating reagent
such that the product is both phosphorylated and boronated. 30 13. A
composition as claimed in any of Claims 1 through 10 further characterised
in that such composition is post-treated by reaction with at least one
carboxylic acid acylating agent such that the product is acy- lated
thereby. 35   14. Alubricantorfunctional fluid composition which comprises
a majoramountof at leastone oil of lubricating viscosityand a
minordispersantamount of a dispersant composition as claimed in anyof
Claims 1 through 13. 15. An additive concentrate composition which contains
a dispersant composition as claimed in anyof Claims 40       1 through 13.
16. A method of lubricating mechanical parts with a lubricating oil
containing a dispersant in the presence of at least one fluoroelastomer
surface, said method characterised in that the lubrication is performed
with a lubricating oil containing an oil-soluble dispersant as claimed in
any of Claims 1 through 13. 17. Acombination which comprises a mechanical
mechanism containing moving parts to be lubricated, a lu- bricating oil
composition for lubricating such parts, and a polyfluoroelastomer in
contact with at least a portion of such lubricating oil composition,
characterised in that the lubricating oil composition foreffecting such
lubrication contains an oil-soluble dispersant as claimed in any of Claims
1 through 13. 50 Patentansprfche 1.  5116sliche Dispergiermittelzusamm
ensetzung, die durch Umsetzung von (i) mindestens einem durch all-
phatisches Hydrocarbyl substituierten Acylierungsmittel, in dem der
Hydrocarbylsubstituent im Mittel min- destens 40 Kohlenstoffatome enthflt,
mit (ii) einer Mischung von Hydrocarbylpolyaminen, die 10 bls 50 Gew. %
acyclische Polyalkylenpolyamine und 50 bis 90 Gew. % cyclische
Polyalkylenpolyamine enthal- ten, hergestellt wird. 23 1
11111111.111111111    EP 0 451 380 B1 2. Zusammensetzung nach Anspruch 1,
in derdie zur Herstellung derZusammensetzung verwendete Kom- ponente (ii)
eine Mischung von Polyethylenpolyaminen ist. 5   3  Zusammensetzung nach
Anspruch 1, be! der die zur Herstellung der Zusammensetzung verwendete
Komnponente (ii) eine Mischung aus Polyethylenpolyaminen mit einer
durchschnittlichen Gesamtzusam- mensetzung, die der von Polyethylenpentamin
nahekommt, ist. 4. Zusammensetzung nach Anspruch 3, bei derdie Mischung aus
Polyethylenpolyaminenweiterhin dadurch 10      gekennzeichnet ist, daB sie
auf Gewichtsbasis a) 2 bis 10 % Polyethylentetramine; b) 60 bis 85 %
Polyethylenpentamine; 



c) 10 bis 20 % Polyethylenhexamine und d) bis zu 10 % hWhere und/oder
niedrigere 15            Analoge der vorstehenden Substanzen enth31t. 5.
Zusammensetzung nach Anspruch 3, in derdie Mischung aus
Polyethylenpolyaminen weiterhin dadurch gekennzeichnet ist, dal sie auf
Gewichtsbasis a) mindestens 30 % des als N-N=N-N-N 20        dargestellten
Isomers; b) mindestens 10 % des als N=N-N-N-N dargestellten Isomers 25
c) mindestens 2 % des als N - N -a- N N dargestellten Isomers und d)
mindestens 5 % des als N-N-N-N-N dargesteliten Isomers enthilt, wobel "-"
(sei es horizontal oder vertikal) eine Alkylengruppe darstellt, die jeweils
bis zu 6 Koh- lenstoffatome aufweist, und "=" ein Paar solcher
Alkylengruppen darstellt, die jeweils bis zu 6 Kohlen- stoffatome
aufweisen. 6  Zusammensetzung nach Anspruch 1, in der die zur Herstellung
derZusammensetzung verwendete Kom- ponente (ii) im wesentlichen aus einer
Mischung von Polyethylenpolyaminen mit einer durchechnittlichen 40
Gesamtzusammensetzung, die der von Polyethylentetramin nahekommt, besteht.
7. Zusammensetzung nach Anspruch 6, in der die Mischung aus
Polyethylenpolyaminen weiterhin dadurch gekennzeichnet ist, dag sie auf
Gewichtsbasis a) mindestens 5 % lineare acyclische Polyethylenpolyamine; 46
b) mindestens 10 % verzweigte acyclische Polyethylenpolyemine und c)
mindestens 60 % cyclische Polyethylenpolyamine enthalt. 8. Zusammensetzung
nach Anspruch 6, in derdie Mischung aus Polyethylenpolyaminen weiterhin
dadurch gekennzeichnet ist, dal3 sie auf Gewichtsbasis S5        a)
mindestens 30 % des als N-N=N-N dargestellten Isomers; b) mindestens 20 %
des als N=N-N-N 5s              dargestellten Isomers; c) mindestens 10 %
des als 24 I      LlII  S11111 U  111    EP 0 451 380 B1 N - N -N N 5
dargestellten Isomers und 



d) mindestens 5 % des als N-N-N-N dargestellten Isomers 10      enthfalt,
wobel "-" (sei es horizontal oder vertikal) eine Alkylengruppe darstellt,
die jeweils bis zu 6 Koh- lenstoffatome aufweist, und U=U ein Paar solcher
Alkylengruppen darstellt, die jeweils bis zu 8 Kohlen- stoffatome
aufweisen. 9. Zusammensetzung nach einem derAnspruche I bis 8, in der die
zur Herstellung derZusammensetzung 16      verwendete Komponente (i) im
wesentlichen aus mindestens einem mit Hydrocarbyl substituierten Bern-
steinsaureacylierungsmittel besteht, in dem der Substituent hauptsachlich
Alkyl, Alkenyl oder polyethyle- nisch ungesattigtes Alkenyl bzw. eine
Kombination davon ist und im Durchschnitt 50 bis 5000 Kohlenstoff- atome
aufweist. 20  10. Zusammensetzung nach einem der Anspruche 1 bis 8, in der
die zur Herstellung derZusarnmensetzung verwendete Komponente (i) im
wesentlichen aus (a) mindestens einer mit Polyisobutenyl substituierten
Bernsteinsaure oder (b) mindestens einem mit Polyisobutenyl substituierten
Bernsteinsaureanhydrid oder (p) elner Kombination aus mindestens einer mit
Polyisobutenyl substituierten Bernsteinsaure und minde- stens einem mit
Polyisobutenyl substituierten bernsteinsfureanhydrid, in der der
Polyisobutenylsubstituent in 25      (a), (b) oder (c) von Polyisobuten mit
einem Zahlenmittel des Molekulargewichts im Bereich von 700 bis 5.000
abgeleitet ist, besteht. 11. Zusammensetzung nach einem der AnsprOche I bis
10, die weiterhin dadurch gekennzeichnet ist, daB sbe durch die Reaktion
mit mindestens einem Nachbehandlungsmittel, das aus der aus Boroxid,
Boroxid- 30      hydrat, Borhalogeniden, Borsauren, Estern von Borsauren,
Kohlenstoffdisulphid, Wasserstofhulphid, Schwefel, Schwefelchlorid,
Alkenylcyaniden, Carbonsaureacylierungsmitteln, Aldehyd, Ketonen, Harn-
stoff, Thioharnstoff, Guanidin, Dicyanodiamid, Hydrocarbylphosphaten,
Hydrocarbylphospiten, Hydrocarbylthiophosphaten, Hydrocarbylthiophosphiten,
Schwefelsulphiden, Schwefeloxiden, Phos- phorsaure, Phosphorigsaure,
Hydrocarbylthiocyanaten, Hydrocarbylisocyanaten, Hydrocarbyllsothio-
cyanaten, Expoiden, Episulphiden, Formaldehyd oder Formaldehyd bildenden
Verbindungen plus Phenolen und Schwefel-plus-Phenolen bestehenden Gruppe
ausgewAhIt wird, nachbehandelt wird. 12. Zusammensetzung nach einem
derAnspruche I bis 10, weiterhin dadurch gekennzeichnet, daB sie durch eine
gleichzeitig oder in Serie durchgef ihrte Reaktion mit mindestens einem
phosphorhaltigen und min- destens elnem borhaltigen Nachbehandlungsreagens
nachbehandelt wird, so dall das Produkt sowohl 40      phosphoryliert als
auch boriert wird. 13. Zusammensetzung nach einem derAnsprOche I bis 10,
weiterhin dadurch gekennzeichnet, daB sie durch die Reaktion mit mindestens
einem Carbonsgureacylierungsmittel nachbehandelt wird, so daM das Pro- dukt
acyliert wird. 45 14. Schmiermittel oder funktionelle Fluidzusammensetzung,
die eine grdaere Menge mindestens sines bIs von Schmierviskositat und eine
Ideinere dispergierende Menge einer Dispergiermittelzusammensetzung nach
einem der Anspruche I bis 13 enthalt. o   15.
Additivkonzentratzusammensetzung, die eine Dispergiermittelzusammensetzung
nach einem der An- sprflche I bis 13 enthalt. 16. Verfahren zum Schmieren
mechanischer Teile mit einem ein Dispergiermittel enthaltenden Schmierol in
Gegenwart mindestens einer Fluorelastomerflache, dadurch gekennzeichnet,
daB das Schmieren mit ei- 55       nem Schmierol erfolgt, das ein
6ll6sliches Dispergiermittel nach einem der Ansprflche I bis 13 enthAlt.
17. Kombination umfassend einen mechanischen Mechanismus, der zu
schmierende bewegliche Tells ent- halt eine Schmier6lzusammensetzung zum
Schmieren solcher Teile, und ein Polyfluorelastomer In Kon- takt mit
mindestens einem Tell dieser Schmier6lzusammensetzung, dadurch
gekennzeichnet, daB die 25 *                      I 111t111
11111111111111111 L  1 



EP 0 451 380 BI Schmierolzusammensetzung zur Durchf0hrung der Schmierung
ein oll6sliches Dispergiermittel nach ei- nem derAnspriche 1 bis 13
enthalt. 5 Revendlcations 1. Composition de dispersant soluble dans
l'huile, formee par reaction (i) d'au moins un agent acylant suo- cinique A
substituant hydrocarbyle aliphatique dont le substituant hydrocarbyle
contient en moyenne au 10      moins 40 atomes de carbone, avec (ii) un
melange d'hydrocarbyl-polyamines contenant 10 A 50 % en poids de
polyalkylene-polyamines acycliques et 50 a 90 % en poids de
polyalkyl~ne-polyamines cycliques. 2. Composition suivant la revendication
1, pour la formation de laquelle le composant (ii) utilise est un mh- lange
de polyethylene-polyamines. 1$ 3. Composition suivant la revendication 1,
pour la formation de laquelle le composant (ii) utilia est un mb- lange de
polyethylene-polyamines ayant une composition globale moyenne s'approchant
de cello de la polyethylene-pentamine. 20  4.  Composition suivant la
revendication 3, dans laquelle le melange de polyethylene-polyamines eaten
outre caracterise en ce qu'il contient, sur base pond6rale: a) 2 a 10 % de
polyethylene-tetramines; b) 60 a 85 % de polyethylene-pentamines; c) 10 A
20 % de polyethylene-hexamines ; et 26        d) jusqu'A 10 % d'analogues
inferieurs etlou superieurs des amines ci-dessus. 5. Composition suivant la
revendication 3, dans laquelle ledit melange de polyethylene-polyamines est
en outre caracterise en ce qu'il contient, sur base ponderale: a) au moins
30 % de l'isomare repr~sent6 par N-N=N-N-N 90        b) au moins 10 % de
lisomere repr~sent6 par N=N-N-N-N c) au moins 2 % de lisomere represente
par 35                                     N - N - N - N N et 4        d)
au moins 5 % de l'isomere represent6 par N-N-N-N-N ob le signe "-" (qu'il
soit horizontal ou vertical) represente un groupe alkylene contenant dans
cha- quo cas jusqu'& 6 atomes de carbone et le signe "=" represente une
paire de ces groupes alkylene ayant chacun jusqu'A 6 atomes de carbone. 45
6   Composition suivant la revendicatibn 1, pour la formation de laquelle
le composant (ii) utlis6 consists es- sentiellement en un m6lange de
polyethylene-polyamines ayant une composition moyenne global. e'ap-
prochant de celle d'une polyethylene-t6tramine. 5o  7.  Composition suivant
la revendication 6, dans laquelle ledit melange de polyethylene-polyamines
east en outre caracterise en ce qu'il contient, sur base pond6rale: a) au
moins 5 % de polyethylene-polyamines acycliques lineaires; b) au moins 10 %
de polyethylene-polyamines acycliques ramifiees; c) au moins 60 % de
polyethylene-polyamines cycliques. 



65 8. Composition suivant la revendication 6, dans laquelle ledit melange
de polyhthylene-polyamines oat en outre caracterise en ce qu'il contient,
sur base ponderale: a) au moins 30 % de l'isomere represente par N-N=N-N 26
I DIIID IIIDI 11111 Dil l III,    EP 0 451 380 B1 b) au moins 20 % de
l'isomere represent6 par N=N-N-N - c) au moins 10 % de l'isomere represente
par 5 N - N -N N 10              et d) au moins 5 % de l'isomere represente
par N-N-N-N ob le signe s-" (qu'il soit horizontal ou vertical) represente
un groupe alkylene contenant dane cha- qua cas jusqu'a 6 atomes de carbone
et le signe `=` represente une paire de ces groupes alkylene ayant 15
chacun jusqu'A 6 atomes de carbone. 9. Composition suivant l'une quelconque
des revendications 1 A 8, pour la formation de laquelle le compo- sant (i)
utilisM est essentiellement constitue d'au moins un agent acylant
succinique A substituant hydro- carbyle dont le substituant est
principalement un substituant alkyle, alcenyle ou alcenyle a non-saturation
20      polyethylenique ou toute association de ces substituants et dans
laquelle ce substituant a en moyenne 50 a 5000 atomes de carbone. K...'
10. Composition suivant l'une quelconque des revendications 1 A 8, pour la
formation de laquelle le compo- sant (I) utilise est essentiellement
constitue (a) d'au moins un acide succinique a substituant polyisobu- a5
tenyle ou (b) d'au moins un anhydride succinique A substituant
polyisobut6nyle ou (q) d'une association d'au moins un acide succinique A
substituant polyisobutenyle et d'au moins un anhydride succinique A
substituant polyisobutenyle, ce substituant polyisobutenyle present dans
(a), (b) ou (c) 6tant derive d'un polyisobutene ayant une moyenne numerique
du poids moleculaire comprise dans la plage de 700 a 5000. 11. Composition
suivant l'une quelconque des revendications I A 10, caracterisee en outre
en ce qu'eIle est 30      post-traitea par reaction avec au moins un
reactif de post-traitement choisi dans le groupe comprenant l'oxyde de
bore, l'oxyde de bore hydrate, des halogenures de bore, des acides
contenant du bore, des esters de ces acides, le sulfure de carbone, le
sulfure d'hydrogene, le soufre, le chlorure de soufre, des cyanures
d'alc6nyle, des agents acylants du type d'acides carboxyliques, un
aldehyde, des cetones, I'uree, la thiour6e, la guanidine, le
dicyanodiamide, des phosphates d'hydrocarbyle, des phosphites d'hy-
drocarbyle, des thiophosphates d'hydrocarbyle, des thiophosphites
d'hydrocarbyle, des sulfures de phos- phore, des oxydes de phosphore,
I'acide phosphorique, I'acide phosphoreux, des thiocyanates d'hydro-
carbyle, des isocyanates d'hydrocarbyle, des isothiocyanates
d'hydrocarbyle, des epoxydes, des episul- fures, du formaldehyde ou des
composes produisant du formaldehyde plus des phenols, et du soufre plus des
phenols. J.."      12. Composition suivant l'une quelconque des
revendications 1 a 10, caracteris6e en outre en ce qu'elle est post-trait6e
par reaction, simultanement ou en sequence, avec au moins un reactif de
post-traitement contenant du phosphore et au moins un r6actif de
post-traitement contenant du bore de maniere qua le 



produit soit A la fois phosphoryle et combine au bore. 45 13. Composition
suivant l'une quelconque des revendications I A 10, caracterisee en outre
en ce qu'elle est post-traitee par reaction avec au moins un agent acylant
du type acide carboxylique de maniere que le produit soit ainsi acyle. 50
14. Composition de lubrifiant ou de fluide fonctionnel, qui comprend une
quantite dominante d'au moins une hulle de viscosite propre A la
lubrification et une quantite dispersive secondaire d'une composition de
dis- persant suivant l'une quelconque des revendications 1 a 13. 1.
Composition de concentre d'additifs, qui contient une composition de
dispersantsuivant 'une quelconque s5       des revendications I a 13. 16
Procede pour lubrifier des pieces m~caniques A l'aide d'une huile
lubrifiante contenant un dispersant en presence d'au moins une surface
fluorelastomerique, ledit procede etant caracterise en ce que la lubri-
fication est effectuee A l'aide d'une huile lubrifiante contenant un
dispersant soluble dons l'huile sulvant 27 111111b IIDI 1Ii iIIID 11 1111
EP 0 451 380 B1 I'une quelconque des revendications I a 13. 17. Association
comprenant un dispositif mecanique comportant des piaces mobiles devant
etre lubrifi6es, C       une composition d'huile lubrifiante servant A
lubrifier ces pieces et un elastomere polyfluori au contact d'au moins une
partie de cette composition d'huile lubrifiante, caracterisee en ce que la
composition d'hui- le lubrifiante servant a effectuer cette lubrification
contient un dispersant soluble dans l'hulle suivant l'une quelconque des
revendications I A 13. 10 15 20 25 30 36 40 45 50 55 28 I l111lIIII Nil Hi
111111,    


