
EP 0 422 728 B1 Description This invention relates to a process for the
preparation of dispersant viscosity index improver for use in lubricating
oil compositions. 5      Lubricating oil viscosity index improvers which
have dispersant properties are known in the art, as taught by Klovsky in
U.S. Patent No. 4,141,847. Kiovsky's viscosity index improver is prepared
by reacting a selectively hydrogenated star-shaped polymer having at least
four arms of polymers or copolymers of diolefins and monoalkenyl arenes
with alpha-beta unsaturated carboxylic acid or acid derivative, and then
reacting the resulting Intermediate, with an amine. 10     The process
incorporated by Kiovsky to produce his viscosity index improver includes
reacting the selectively hydrogenated star-shaped polymer with an
alpha-beta unsaturated carboxylic acid or acid derivative at a temperature
of between about [err] and about [err] for one to twenty hours, in a
solvent containing 1% to 10% by weight polymer. The product of this
functionalisation reaction is then reacted with a [err] amine containing
one to eight nitrogen atoms. Although the product of Kiovsky's process 15
offered a significant advance In the art of lubricating oil additives, It
has the disadvantage of requiring that large volumes of materials be held
at high temperatures for extended reaction times. This causes the operating
costs for Klovsky's process to be relatively high. Attempts have been made
to accomplish the functionalisation of the base polymer in a more
economical fashion by reacting the selectively hydrogenated polymer with
the functional groups in an 20  extruder. An example of such an attempt is
Hayashi et al.'s U.S. Patent No. 4,670,173. Hayashi reacts a hydrogenated
block copolymer with an unsaturated carboxylic acid in the presence of a
free radical initiator. The reaction Is performed in either a solvent-free
system or in a solution. The reaction may be carried out in any suitable
vessel, device or apparatus, but is desirably performed in the absence of a
solvent in an extruder, a Banbury mixer, a two-roll mill, or the like. The
product of the functionalisation process is then 25 reacted with a primary
amine-containing compound in either a solvent, or in a solvent free system.
Hayashi also teaches that an optional and important aspect of his invention
is that the blending device imparts high mechanical energy to such an
extent that sufficient force is applied to the copolymer chains to cause
scission or breakage thereof. This scission is said to be useful when the
block copolymer is of higher molecular weight than that which is desired.
30     As opposed to being an advantage, however, this scission has now
been found to be a disadvantage. Further, it has been found that in
addition to scission, imparting high mechanical energy causes coupling and
crosslinking of the base polymer causing a certain portion of the resultant
functionalised polymer to have a significantly higher molecular weight than
the initial polymer. Because of coupling, crosslinking and scission, the
functionalised polymer produced by the reaction of the polymers and the
functionalisation 35  agent upon imparting high mechanical energy has a
broad molecular weight distribution. The rate at which polymers degrade
while in service as a lubricating oil viscosity index improver Is a strong
function of the polymer's molecular weight, with high molecular weight
polymers degrading much more rapidly than lower molecular weight polymers.
The "thickening effect" is also a strong function of molecular weight with
high molecular weight polymers having a much greater effect on composition
viscosity than low molecular weight 40  polymers. A polymeric viscosity
Index improver with a broad molecular weight distribution will therefore
lose thickening effect more rapidly as the polymer ages in service than a
viscosity index improver with a narrow molecular weight distribution. It is
therefore very desirable to have a viscosity index improver which has a
narrow molecular weight range. An advantage of Hayashi's process is that it
may be carried out in a conventional extruder at a relatively 46  high
throughput when compared to solution functionalisation processes. 



A process having this advantage, with a reduced level of scission,
crosslinking and coupling is desirable for the production of lubricating
oil viscosity index improvers-dispersants. Accordingly the present
invention provides a process for the preparation of a dispersant viscosity
index improver aminated polymer comprising the steps of: 50    (a)
producing a functionalised polymer by grafting an alpha-beta unsaturated
carboxylic moiety selected from the group consisting of acids, anhydrides
and esters, to a base polymer selected from the group consisting of i)
selectively hydrogenated block copolymers comprising one or more blocks
comprising predominantly conjugated diolefin monomer units, and one or more
blocks comprising predominantly monoalkenyl arene monomer units, and ii)
hydrogenated polymers comprising conjugated diolefin 55    monomer units,
where the functionalisation is performed in a device capable of imparting
high mechani- cal energy and is performed in the presence of from 3.0% to
15% by weight based on the amount of base polymer of a diluent oil; (b)
reacting the functionalised polymer with an amine to form an aminated
polymer; and 2    EP 0 422 728 B1 (c) recovering the aminated polymer. Base
polymers-suitable for functionalisation and amination by the process of
this invention include homopolymers and copolymers of alphaolefins
containing from 1 to 10 carbon atoms, hydrogenated homopolymers and
copolymers of diolefins containing from 4 to 12 carbon atoms, and
hydrogenated 5  copolymers of one or more conjugated diolefins and one or
more monoalkenyl aromatic hydrocarbons containing from 8 to 16 carbon
atoms. The base polymer may be of a star or linear structure. Hydrogenated
polymers may be hydrogenated selectively, completely or partially.
Hydrogenated polymers of conjugated diolefins and copolymers of conjugated
diolefins and monoalkenyl arenes are preferably hydrogenated such that
greater than 90% of the initial ethylenic unsaturation is removed by
hydrogenation. Preferably, the 10 hydrogenated polymers are substantially
free of ethylenic unsaturation. Selective hydrogenation refers to processes
which hydrogenate a substantial portion of the ethylenic unsaturation and a
substantial portion of the initial aromatic unsaturation is left
unhydrogenated. As used herein, a hydrocarbon polymer substantially free of
ethylenic unsaturation will be a hydrocarbon polymer containing, on
average, less than about 10 carbon-carbon ethyenic double bonds per polymer
chain. 15 Polymers containing more than this amount of ethylenic
unsaturation will, under certain conditions, exhibit excessive crosslinking
during a functionalisation reaction when the functionalisation is completed
in a blending apparatus capable of imparting high mechanical shear. Useful
hydrocarbon polymers include those prepared in bulk, suspension, solution
or emulsion. As is well known, polymerisation of monomers to produce
hydrocarbon polymers may be accomplished using 20 free-radical, cationic
and anionic initiators or polymerisation catalysts. A wide range of
molecular weight polymers can be utilised as the base polymer of the
present invention. In general, the higher the molecular weight of the
polymer, the less polymer will be required to achieve a given viscosity in
a lubricating oil composition. The configuration of the polymer also
effects the acceptable molecular weight. A base polymer of higher molecular
weight will generally be acceptable if it is 25 of a star configuration
than If it were of a linear configuration. Also, the incorporation of
monoalkenyl arene polymer blocks will reduce the maximum molecular weight.
Number average molecular weights in the range from 500,000 to 3,000,000 may
for example be 



suitable and from 600,000 to 2,000,000 are preferred, and from 600,000 to
1,200,000 are most preferred for the base polymer when the base polymer is
a star-configuration hydrogenated polymer of one or more 30 conjugated
olefins or a star configuration polymer of one or more alpha olefins. For
base polymers which are linear copolymers containing more than about 15% by
weight of monoalkenyl arenes, number average molecular weights in the
range, from 80,000 to 150,000 may for example be suitable and from 85,000
to 110,000 are preferred. When the base polymer is a star configuration
copolymer containing more than about 3% by weight of monoalkenyl arenes,
the molecular weight is preferably in the range 500,000 to 36 1,500,000.
When the base polymer is a copolymer of monoalkenyl arene and polymerised
alpha olefins, hydrogenated polymerised diolefins or combination thereof,
the amount of monoalkenyl arene in the base polymer is preferably from 15%
to 40% by weight of the base copolymer. The number average molecular
weights, as used herein, refers to the number average molecular weight as
measured by Gel Permeation Chromatography ("GPC") with a polystyrene
standard. 40     Advantageously, the base polymer may be a selectively
hydrogenated linear block copolymer contain- ing at lease one block
comprising predominantly conjugated diolefin monomer units and at least on
block comprising predominantly monoalkenyl arene monomer units, the base
polymer having a monoalkenyl arene content of from 15% to 40% by weight, a
number average molecular in the range from 80,000 to 150,000 as measured by
GPC with a polystyrene standard wherein the ethylenic unsaturation of the
base 45 polymer has been reduced to less than 20% of the original ethylenic
unsaturation by hydrogenation, or a star configuration base polymer which
is a hydrogenated homopolymer of a conjugated diene wherein the
unsaturation has been reduce to less than 20% of the original unsaturation
by hydrogenation, and the number average molecular weight of the arms of
the base polymer is in the range from 30,000 to 75,000 as measured by GPC
with a polystyrene standard. 50     The minimum molecular weights preferred
for functionalisation and amination by the method of the present invention
is also limited by the molecular weight necessary for the particular base
polymer to be a solid at ambient temperature and atmospheric pressure.
Normally liquid polymers; ie, polymers which are liquid at ambient
temperature and pressure do not generally, process well in blending
equipment capable of imparting high mechanical energy such as an extruder.
As a result, polymers having a molecular weight 55  sufficiently high to be
solid at ambient temperatures and pressures will, generally, be used in,
the method of this invention. Moreover, it should be noted that chemical,
thermal and shear degradation which occurs in the blending apparatus
increases with increasing molecular weight of the polymer. The amount of
degradation is significantly reduced with the method of this invention and,
as a result, the method of this 3    EP 0 422 728 B1 invention may be
practised with higher molecular weight polymers than has been practicable
in the extruder processing of the prior art. Generally, however, the method
of this invention will not be used with polymers having a sufficiently
large molecular weight as to result in more than about 30% degradation of
the polymer during the extruder grafting process. 5     Polymers which are
acceptable as the base polymer of the present invention include the
hydrogenated derivatives of homopolymers and copolymers such as are
described in U.S. Patent Nos. 3,135,716; 3,150,209; 3,496,154; 3,498,960;
4,145,298 and 4,238,202. In general, the polymers taught by these patents
may be polymers of one or more conjugated dienes containing from 4 to 12
carbon atoms such as 1,3- butadiene, isoprene, piperylene,
methylpentadiene, phenylbutadiene, 3,4-dimethyl-1,3-hexadiene, and 4,5- 



10  diethyl-1,3-octadiene. Preferred conjugated diolefins are those
containing 4 to 8 carbon atoms. Moreover, one or more of the hydrogen atoms
in the conjugated diolefins may be substituted with halogen. The polymers
taught by these patents may also be copolymers of one or more of the
aforementioned conjugated diolefins and one or more other monomers. Other
monomers which may be used include aryl- substituted olefins such an
styrene, various alkyl-substituted styrenes, alkoxy-substituted styrenes,
vinyl 15  naphthalene, and alkyl-substituted vinyl naphthalenes. The
polymers taught by these references which may be hydrogenated and which
would then be useful In the method of the present invention include random
polymers, tapered polymers and block copolymers. Polymers useful in the
method of the present invention also include hydrogenated and selectively
hydrogenated derivatives of block copolymers such as are taught, for
example, in U.S. Patents Nos. 20  3,231,635; 3,265,765; 3,322,856 and
3,772,196. Polymers which are acceptable as the base polymer further
include hydrogenated and selectively hydrogenated derivatives of
star-shaped polymers such as are taught, for example, in U.S, Patent Nos.
4,033,888; 4,077,893; 4,141,847; 4,391,949 and 4,444,953. Star-shaped
polymers are alternatively referred to as radial polymers, and may also
properly be called branched polymers. 25     Linear block copolymers which
may be hydrogenated and then functionalised with the method of this
invention may, for example be represented by the following general formula:
[err] 30 wherein: A is a polymeric block comprising predominantly
monoalkenyl arene (aromatic hydrocarbon) monomer units; B is a polymeric
block comprising predominantly conjugated diolefin monomer units; x and z
are, independently, 0 or 1: and 35     y is an integer in the range 1 to
15. Radial polymers which may be hydrogenated and then functionalised with
the method of this invention may be represented, for example, by the
following general formulae: [err] 40 [err] wherein: A, B, x, y and z are as
previously defined; n is an integer in the range 3 to 30; 45     C is the
core of the radial polymer formed with a polyfunctional coupling agent; B'
is a polymeric block comprising predominantly conjugated diolefin units,
which B' may be the same or different from B; and n' and n" are integers
representing the number of each type of arm and the sum of (n' + n") is in
the range from 3 to 30. 50     Preferably in base polymers employed in the
process of the invention, the conjugated diolefin is isoprene and the
monoalkenyl arene, where applicable,is styrene. As used herein in
connection with polymer block composition, predominantly means that the
specified monomer or monomer type which is the principle component in that
polymer block is present in an amount of at least 85% by weight of the
block. 56     Base polymers prepared with diolefins will contain ethylenic
unsaturation, and such polymers will be hydrogenated prior to reacting the
base polymers with an alpha-beta ethylenically unsaturated compound
containing carboxyl or carboxyl derivative functionality in the process of
this invention. When the polymer is hydrogenated, the hydrogenation may be
accomplished using any of the techniques known in the prior art. 



4    EP 0 422 728 B1 For example, the hydrogenation may be accomplished
using any of the techniques known in the prior art. For example, the
hydrogenation may be accomplished such that both ethylenic and aromatic
unsaturation is converted (saturated) using methods such as those taught,
for example, in U.S. Patents Nos. 3,113,986 and 3,700,633 or the
hydrogenation may be accomplished selectively such that a significant
portion of the .5  ethylenic unsaturation is converted while little or no
aromatic unsaturation is converted as taught, for example in U.S. Patents
Nos. 3,634,595; 3,670,054; 3,700,633 and Re 27,145. Any of these methods
could also be used to hydrogenate polymers which contain only ethylenic
unsaturation and which are free of aromatic unsaturation. In general any
suitable liquid hydrocarbon may be used as a diluent for the polymer being
modified in 10  the method of this invention. A liquid hydrocarbon will be
a suitable diluent if it is compatible with olefin or polyolefin polymers
but not compatible with aromatic hydrocarbon polymers. Such a diluent would
tend to swell the olefin monomer portion of the polymer without affecting
the aromatic hydrocarbon monomer portion of the polymer when the polymer
contains an aromatic portion. The liquid hydrocarbon may be a pure compound
but generally will be a blend of compounds such as would be contained in a
petroleum 15  distillate fraction. It is, however, important that the
diluent remain liquid throughout the processing. It is, therefore,
important that the diluent have a boiling point above the maximum
temperature that will be encountered during the processing steps.
Preferably, the diluent will be a neutral petroleum distillate fraction
boiling generally in the fuel oil and/or lubricating oil boiling ranges.
Most preferably, the diluent will have a specific gravity of about 0.9, an
ASTM IBP of about [err]and an ASTM 90% boiling point 20  of about [err].
Low aromatic and non-aromatic processing oils are generally preferred.
"Shellflex 371" (trade mark), a processing oil available from Shell Oil
Company, Houston, Texas, is an example of a preferred processing oil. The
diluent oil is present in an amount from 3% to 15% by weight based on the
base polymer. Preferably, the diluent oil is present in an amount from 5%
to 12% and most preferably from 6% to 11% by 25  weight. Lower amounts of
diluent than 3% do not result in significant benefits over diluent-free
processes. Higher levels of diluent than 15% result in lower efficiencies
of the functionalisation and amination reactions. Lower reaction
efficiencies result in unreacted reactants being present in the product
composition. These reactants are generally undesirable components in the
product compositions. Higher amounts of diluent oil also needlessly dilute
the finished product, resulting in high costs, higher volumes, more cold
flow and more 30  difficult handling without advantage. Carboxyl or
carboxyl derivative functionality is imparted into the base polymer by
contacting the base polymer in an extruder with an alpha-beta ethylenically
unsaturated carboxylic acid reagent. Suitable alpha- beta carboxylic acid
reagents include the carboxylic acids per se,anhydrides and esters. The
carboxylic acid reagent may be either monobasic or polybasic in nature.
When the carboxylic acid reagent is 35  polybasic, it Is preferably
dibasic, although tribasic and tetrabasic acids can be used. In general,
the carboxylic acid reagent may be linear, branched, cyclic, substituted
cyclic, aromatic, or substituted aromatic. In general, the acid portion of
the carboxylic acid reagent may conveniently contain from 1 to 12 carbon
atoms. Useful monobasic alpha-beta unsaturated carboxylic acids include
acrylic acid, methacrylic acid, cinnamic acid, crotonic acid and
2-phenylpropenoic acid. Useful dibasic acids include maleic acid, 40
fumaric acid, mesaconic acid, itaconic acid and citraconic acid. Functional
derivatives corresponding to 



each of the useful acids are well known in the art and their respective
equivalents of the acid for purposes of functionalising a polymer are
taught, for example, in U.S. Patents Nos. 4,578,429 and 4,670,173.
Similarly, methods of making such functional derivatives are also well
known to those of ordinary skill in the art. For example, ester derivatives
useful in the method of this invention can be made by esterifying 45
monohydric alcohols or epixides with any of the aforedescribed acids. The
corresponding anhydride can be prepared by dehydrating the acid. The
alpha-beta unsaturated carboxylic acid moiety is preferably maleic
anhydride. In general, a sufficient amount of carboxylic acid reagent will
be combined with the polymer to incorporate from 1 to 50 functional groups,
on average, per polymer chain. In this regard, it should be noted so  that
the reaction between the carboxylic acid reagent and the polymer frequently
will not proceed to completion. As a result, the amount of carboxylic acid
reagent actually used will, generally, exceed the amount which is desired
to be grafted to the base polymer by from 10 to 50%. Preferably, the amount
of the alpha-beta unsaturated carboxylic moiety is sufficient to result in
at least on average one carboxylic functional group per polymer molecule
and not more than 5% by weight carboxylic functional groups as 55 percent
by weight of the base polymer. Any of the free radical initiators know in
the prior art to be effective in a grafting reaction of the type herein
contemplated can be used as in step (a) of the method for this invention.
Suitable free radical initiators include the various organic peroxides and
hydroperoxides as well as the various organic azo 5    EP 0 422 728 B1
compounds. Typical organic peroxides include benzoyl peroxide, t-butyl
peroxypivalate, 2,4-dichlorobenzoyl peroxide, decanoylperoxide, propionyl
peroxide, hydroxyheptyl peroxide, cyclohexanone peroxide, t-butyl-
perbenzoate, dicumyl peroxide and lauroyl peroxide. Typical hydroperoxides
include t-butyl hydroperoxide and 2,5-dimethyl-2,5-di(butylperoxy)hexane.
Typical organic azo initiators include 2,2-azobis(2-methyl- 5
propionitrile), 2,2-azobis(2-methylvaleronitrile), and
4,4!-azobis(4-cyanovaleric acid). In general, the free radical initiator
will be used in a concentration within the range from 0.05 to 0.50 wt%
based on polymer. Particularly preferred free radical initiators include di
t-butylperoxide; ethyl 3,3-di(tertbutyl peroxy) cyclohex- ane;
1,1-bis(t-butylperoxy) 3,3,5-trimethylcyclohexane; t-butyl cumyl peroxide
and 2,5-dimethyl-2,5-di(t- butylperoxy) hexane. 10     The polymer,
diluent, carboxylic acid reagent and free radical initiator will be
contacted at a temperature and pressure sufficient to ensure that both the
polymer and the carboxylic acid reagent are in the liquid or molten phase
when the reaction occurs. The reactants will be contacted In a blending
device capable of imparting high mechanical energy such as an extruder, a
Banbury mixer or a sigma blade mixer. These devices are referred to herein
as extruders. Generally, sufficient mechanical energy, at the concentration
of is  free radical initiator employed, will be imparted to cause at least
a portion of the polymer chains to scission or break. The amount of polymer
actually degraded is, however, found to be significantly reduced in the
method of this invention (e.g. relative to Hayashi, discussed above). This
modified polymer is then reacted with certain amines to form the
oil-soluble product of the present invention. The resulting products
provide the dispersant function of the additive. Dispersant properties as
20  used herein, refers to the ability to maintain sludge in suspension in
lubricating oil. The amine employed in this invention can be branched or
unbranched, saturated, aliphatic, primary or secondary amines containing 1
to 18 nitrogen atoms, preferably a mono-or diamine, such as ethyl amine, 



butylamine, s-butylamine, and diethylamine, but including higher polyamines
such as alkylene polyamines, wherein pairs of nitrogen atoms are joined by
alkylene groups of 2 to 4 carbon atoms where one or more of 25 the amine
groups have one or more alkyl groups on the nitrogen atom. Preferred
polyamines are of the formula: [err] H 35 where x is 2 to 4 R' is hydrogen
or an alkyl group comprising 1 to 12 carbon atoms R" are independently
selected alkyl groups comprising 1 to 12 carbon atoms. Examples of such
preferred polyamines include N-aminoalkyl piperazines, e.g.
N-(2-aminoethyl) piperazine. Particularly pre- ferred polyamines include
diethylaminopropylamine dimethylaminopropylamine, dibutylaminopropylamine,
40  dipropylaminopropylamine, dipentylaminopripylamine,
dimethylaminoethylamine, dibutylaminoethylamine, dipropylaminoethylamine,
dipentylaminoethyamine, N,N-dimethylaminopropyl N-methylamine, N,N-
dimethylaminopropyl N-ethylamine, N,N-dimethylaminoethyl N-methylamine and
N,N'-diethylaminoethyl N'- ethylamine. The amine is most preferably
diethylaminopropylamine. The molar ratio of amine to carboxylic moiety
grafted to the base polymer is typically in the range 0.1:1 45 to 2:1,
preferably at least 0.5:1, e.g. 0.5:1 to 1.5:1, most preferably about 1:1.
Amidisation is typically performed at a temperature in the range [err] to
[err], e.g. from 15 seconds to 3.0 minutes. The amount of amine
incorporated in the viscosity index improver dispersant is preferably at
least, on the average, one amine group per polymer molecule and not more
than that required to result in a polymer containing 2.0% by weight
nitrogen content. Most preferably, the animated polymer contains less than
0.5% 50  by weight nitrogen. The maximum amount of amine beneficially
incorporated in the viscosity index improver-dispersant is limited by the
tendency of the polymer to attach itself to too many particles, and itself
act like a sludge. In both reaction steps of functionalisation and
amination it is much preferred that the reactions take place in the absence
of oxygen. A nitrogen blanket is often used to accomplish this result. The
reason for 55  performing the reaction in the absence of oxygen is that the
resulting additive may be more oxidatively unstable if any oxygen is
present during the formation of the additive. If excess amine is employed,
then it may be desirable to remove the excess from the reaction product.
The excess amine may be removed in the extruder by applying a vacuum or
with a stripping gas stream, 6    EP 0 422 728 B1 which is subsequently
vented from the extruder in a specially designed vent section. The
invention also provides a lubricating oil composition comprising a major
proportion of a lubricating oil and a minor proportion of an animated
polymer prepared by the process of the invention. The invention will be
further understood from the following description of an embodiment of a
process 5  in accordance therewith which is made by way of illustration
only with reference to the accompanying drawings, and from the specific
examples thereafter. In the drawings:- Figure 1 is a schematic flow diagram
of a functionalisation and animation process in accordance with the
invention. An embodiment of the invention wherein an extruder is used as
the blending apparatus is illustrated In 10 Figure 1. Referring to Figure
1, a solid particulate polymer feed is fed to extruder 101 through feed
hopper 



102 In the extruder, the polymer is heated at least to a temperature at
which the polymer becomes molten so that the reaction of the polymer and
the carboxylic acid reagent will occur when the polymer is in the molten
phase. As is well known, extruders generally contain a plurality of stages
and both the temperature and channel depth of the screw may be varied in
each of the stages. in general, and in the method of this 15 invention, the
temperature may, for example, range from 160 to [err], depending upon the
particular base polymer being processed, while the reaction between the
base polymer and the carboxylic acid reagent takes place. Variation of the
temperature in the different stages of the extruder is not necessary to the
method of this invention and the temperature will therefore be maintained
as nearly constant as possible as the polymer passes through the extruder
except that the temperature in the inlet zone, i.e., the zone or 20 zones
where the feed materials are introduced may, generally, be maintained
somewhat below the reaction zone temperature to maximise the life of the
free radical initiator thereby improving grafting efficiency. Also in the
extruder, the polymer feed Is transported from the feed Inlet 102 to the
extruder outlet 103 with one or more extruder screws not illustrated. In
general, the channel depth may be varied within the range from 0.0005 to
0.5 times the diameter of the screw housing with maximum depths occurring
in those areas where 25 the components are reacted and then again at or
near the outlet of the extruder where the melt is devolatilised. In
transition, the channel depth may be varied to ensure that the desired
degree of mechanical shear and mixing have been imparted on the materials
being processed. As the base polymer passes through the blending apparatus,
the extruder in the embodiment illustrated in Figure 1, the base polymer
first will be combined with a suitable diluent Introduced into the extruder
3o through line 104. The diluent is supplied from a suitable vessel 105
through lines 106-106 with pump 107. The amount of diluent actually
introduced into the extruder may be controlled with valve means 108. The
amount of diluent introduced will range from 3 to 15 wt% based on the
amount of base polymer feed to the extruder. Introduction of the diluent
into the extruder before the carboxylic acid reagent or the free radical
Initiator is important to the method of this invention since the solvent or
diluent is effective in reducing the 36 amount of scission or degradation
of the polymer. Additionally, the solvent or diluent is effective in
reducing the amount of crosslinking or coupling that would otherwise occur.
Although it has not been proven It Is believed that the diluent effectively
reduces degradation as a result of interaction between the diluent and that
portion of the polymer where the grafting reaction occurs by reducing the
melt temperature of the polymer and effectively reduces crosslinking or
coupling by capping free radical sites on the polymer that 40 might
otherwise combine. Generally the diluent will be introduced to the blending
apparatus at a point within the range from about 1 D to about 6 D
downstream from the point at which the polymer is fed into the extruder, D
being the inside diameter of the housing of the blending apparatus, in the
embodiment illustrated in the Figure. As the base polymer feed and diluent
continue through the extruder, they are next contracted either 45 with a
carboxylic acid reagent or a free radical initiator. In the embodiment
illustrated, the polymer and diluent are next contacted with the carboxylic
acid reagent. Adding of the carboxylic acid reagent prior to adding the
free radical initiator is preferred since it has been discovered that
addition of the free radical initiator prior to the carboxylic reagent
will, generally, result in an increased amount of crosslinked or coupled
polymer in the product recovered from the blending apparatus. In the
embodiment illustrated, the 50 carboxylic acid reagent is introduced into
the extruder through line 109. The carboxylic acid reagent is supplied from
a suitable storage vessel 110 through lines 111-111 with pump 112. The
amount of carboxylic acid reagent introduced into the blending apparatus
may be controlled with suitable valve means 113. In general, the carboxylic
acid reagent could be fed to the blending apparatus as a solid, as a
liquid, or as a solution in a suitable solvent. With respect to feeding as
a liquid, it should be noted that certain of the 55 carboxylic acid
reagents heretofore noted as operable are normally liquid. Those which are
solid, however, 



could be heated and fed in the molten phase. In general, carboxylic acid
reagent will be introduced into the blending apparatus at a concentration
sufficient to incorporate from about 1 to about 50 moles of carboxylic acid
reagent, on average, per mole of polymer. As indicated supra, the amount of
carboxylic acid reagent 7.    EP 0 422 728 B1 introduced into the blending
apparatus will, generally, be from about 10 to about 50% more than that
required for stoichiometric addition of the carboxylic acid reagent in the
amount desired. In general; the carboxylic acid reagent will be introduced
into the extruder at a point downstream of the point where the diluent Is
introduced and within the range from about 1 D to about 8 D downstream of
the point where the 5  polymer feed is introduced to the extruder, D being
the diameter of the housing for the blening apparatus, in the embodiment
illustrated, the screw housing of the extruder. In general, the temperature
in the blending apparatus at the point at which the carboxylic acid regent
is introduced is not critical to the method of the present invention. For
reasons more fully explained below, the polymer will, preferably, be at a
temperature below about [err] when the carboxylic acid reagent is
introduced. 10     As the polymer, diluent and, in the embodiment
illustrated, the carboxylic acid reagent continue to move through the
blending apparatus, the blend is next contacted with a free radical
initiator introduced into the extruder through line 114. The free radical
initiator is fed from a suitable storage vessel 115 through lines 116-116
with pump 117. The amount of free radical initiator actually introduced
into the extruder may be controlled with a suitable valve means 118. The
free radical initiator may be fed to the blending 15  apparatus in its
natural state, i.e. as a liquid or a solid, or as a solution. Most of the
free radical Initiators contemplated for use in the method of the present
invention are normally liquid and will, generally, be introduced into the
extruder in this state. As is well known in the prior art, free radical
initiators such as those contemplated for use herein generally have a very
short half life at elevated temperatures and frequently even decompose at
temperatures within the range of those contemplated for use herein. As a 20
result, it is important to the method of the present invention to introduce
the free radical initiator into the blending apparatus at as low a
temperature as reasonably practicable and then relatively quickly
thereafter bringing the temperature of the entire blend up to the desired
reaction temperature so as to ensure maximum efficiency during the grafting
reaction. In this regard, maximum reaction efficiency is generally realised
when the temperature of the blend with which the free radical initiator is
initially contacted is within 25  the range from 160 to 210 C. As a result,
and as indicated above, the initial stages of the blending apparatus will
be maintained at a temperature within this range so as to ensure maximum
reaction efficiency. The temperature, will, however, be raised to the
desired reaction temperature, as quickly after the free radical initiator
is added as is practicable. The free radical initiator will be added at a
point downstream of the point where the diluent is introduced and within
the range from about 5 D to about 16 D 30  from the point at which the
polymer is introduced in to the blending apparatus where D is the diameter
of the housing for the blender or, as in the embodiment illustrated, the
housing of the screw or screws in the extruder. As indicated above, the
channel depth of the extruder screw or screws will, generally, be at or
near a maximum in that portion of the apparatus immediately after which the
polymer feed is introduced. In fact, 35  this maximum dimension will,
generally, be maintained until both the diluent and the carboxylic acid
reagent are introduced. The channel depth will, generally, be reduced in
one or more steps prior to addition, of the free radical initiator and then
will be further reduced after the free radical initiator is introduced.
Generally, 



the channel depth will again begin to increase after the grafting reaction
has been completed reaching a second maximum or near maximum to facilitate
devolatisation at or near the blending apparatus exit. The 40  channel
depth will, of course, generally vary somewhat during the reaction
stages-such variation being well known and appreciated in the extruder
processing arts. The zone 119 within which the grafting reaction occurs
will have a length within the range from about 1 D to about 6 D, D being
the diameter of the housing as previously defined. As the polymer with the
carboxylic acid functionality grafted to it, diluent, and free radical
initiator 45 continue to move through the blending apparatus, the blend is
next contacted with an amine. The amine is introduced into the extruder
through line 120. The am;ine is fed from a suitable storage vessel, 121,
through lines 122-122 with pump 123. The amount of amine actually
introduced into the extruder may be controlled with a suitable valve means
124. The amine may be fed into the blending apparatus in its natural state,
i.e. as a liquid or a solid, or as a solution. The amine could also be
diluted with a diluent such as a lubricating 50  oil, or a white mineral
oil to aid in lubrication of the pump, 123. The reaction between the amine
and the acid functionality which is grafted onto the polymer occurs within
a reaction zone, 125. As indicated supra, the channel depth in the blending
apparatus will, generally, be varied after the grafting reaction is
completed as the modified polymer passes from the reaction zone 125 to the
blending 65  apparatus outlet 103. Generally, the first such variation in
channel depth will be accomplished prior to devolatization of excess
reactants and in the embodiment illustrated in Figure 1 the first such
change occurs in zone 126. The second such variation will be made to
facilitate pelletization in zone 127 and/or zone 128. It will, of course,
be appreciated that changes in channel depth can readily be accomplished, 8
EP 0 422 728 B1 when an extruder is used as the blending apparatus, by
changing the screw or screws configuration. Similarly, when other types of
blending apparatus are used such changes can be easily accomplished by
changing the blender or agitator configuration. The effluent from the
reaction zone will contain unreacted carboxylic acid reagent and unreacted
amine 5  when the grafting reaction and the amination reaction do not
proceed to completion. Because many of the carboxylic acid reagents and
amines useful In the method of this invention may be detrimental to a
lubricating oil viscosity Index improver If allowed to remain in the
polymer product In an ungrafted state, at least a portion of the unreacted
carboxylic acid reagent and amine should be separated from the polymer
product prior to use. In general, any of the conventional techniques known
in the prior art such as stripping 10 and extraction may be used.
Frequently, however, a portion of the unreacted carboxylic acid reagent may
be separated from the graft reaction zone effluent simply by venting the
effluent after the grafting reaction is completed. In the embodiment
illustrated in the Figure, a vent 129 is provided in the first zone 126
after the grafting zone for this purpose. In the embodiment illustrated,
the vapors passing through vent 129 are passed through lines 130-130 to a
steam eductor 131 where the vapors are combined with steam 15 introduced
through line 132. The steam eductor will pull a vacuum on the vent. In
general, the vent outlet pressure should be within the range from about 20
to about 300 torr (2,666 to 40,000 Pa.s). The vapor- steam mixture is then
passed to a condenser 133 through line 134 where the steam vapor mixture is
condensed and recovered as a liquid through line 135. Other methods of
recovering or disposing of the vapor are known in the prior art and could
also be utilized. The vapor will contain in addition to unreacted 



20  carboxylic acid reagent, free radical initiator decomposition products,
unreacted amines, low molecular weight polymer formed as a result of
degradation and the like. In general, venting of the grafting reactor
effluent will remove from about 20 to about 80% of the unreacted carboxylic
acid reagent and unreacted amines contained In the effluent. The
temperature in the zone where the effluent is vented could, of course, be
increased to increase the vapor pressure of the components to be vented. 25
The lubricating oil viscosity improver-dispersant product will be recovered
in pellet form and any of the suitable recovery means known in the prior
art may be used for this purpose. In the embodiment illustrated in Figure
1, an underwater pelletizer with a tempered water system is shown.
Referring again to Figure 1, the functionalized polymer exits the blending
apparatus 101 through a suitable outlet 103 and is introduced into the
underwater pelletizer at 136 where it Is combined with water circulating
through lines 137-137. In 30 the embodiment illustrated In Figure 1, the
polymer-water mixture Is then passed to spin dryer 138 through lines
139-139. In the spin dryer the polymer pellets are generally dried to a
water content within the range from about 100 to about 500 ppm, based on
polymer, and then recovered through line 140. Water separated from the
polymer pellets may then be returned to a slurry water bath 141 through
lines not Illustrated from where It may then be recirculate through lines
137-137. Makeup water may be added to the 35 slurry water bath 141 as
required using means not illustrated. In those cases where a lower water
content would be required, other drying means could be employed. Also, to
the extent that the content of unreacted carboxylic acid reagent in the
recovered product is higher than desired for the lubricating oil viscosity
index improver-dispersant, the recovered polymer could be further processed
using techniques well known in the prior art to further reduce the content
of unreacted carboxylic acid reagent. 40     The process of the present
invention has the desirable feature of being operable in standard polymer
handling equipment. Further, the residence time of the process is only
about 15 seconds to  about 3 minutes. This is a distinct advantage over
prior art solution functionalization and amination processes. The process
results in significantly lower levels of scission, crosslinking and
coupling, than prior art extrusion functionalization and amination methods.
The product of the present process therefore has a narrower 45 molecular
weight distribution than products of prior art extrusion methods. The
narrower molecular weight distribution minimizes the rate of degradation of
the polymer in lubricating oil service, and therefore maximizes the
retention of the "thickening" effect of the polymer. This advantage is
evidenced by lower shear loss or DIN loss. The product of the present
process also has excellent viscosity index improving properties and
excellent dispersant characteristics. 50 Examples A hydrogenated
isoprene-styrene diblock copolymer was used in the examples which was 36%
by weight styrene and had a molecular weight of 93,000. Hydrogenation had
reduced the ethylenic un- 55 saturation to less than 1.0% of the original
ethylenic unsaturation. A low molecular weight star polymer was used in the
example which was a hydrogenated homopolymer of polyisoprene with an
average of 15 arms per molecule, and having arms with a number average
molecular weight of 35,000 each. Hydrogenation had reduced the unsaturation
to less than 1.0% of the inital 9    EP 0 422 728 B1 unsaturation. A high
molecular weight star polymer was used which was a hydrogenated homopolymer
of 



polyisoprene with an average of 15 arms per molecule, and with a number
average molecular weight of each arm of 65,000. Hydrogenation had reduced
the unsaturation to less than 1.0%  of the initial 5  unsaturation.
Diethylaminopropylamine ("DAP") was the amine used in all of the examples.
The alpha-beta unsatu- rated carboxyl moiety used was maleic anhydride
("MA"). A 67% by weight solution of MA in acetone was used. The diluent oil
used was an HVI-100 neutral oil. The peroxide utilized as the free-radical
initiator in these examples was 2,5-dimethyl-2,5-bis(tertbutyl 10 peroxy)
hexane which is available under the trade mark "Lupersol 101" from Lucidol
Pennwalt Chemicals. The peroxide was utilized as 50% by weight solution in
HVI-100 neutral oil ("HVI" denotes high viscosity index). A two inch (5cm)
Welding Engineering Inc. extruder was used to prepare the example
compositions. The extruder was a non-intermeshing twin screw extruder with
a single vent and an underwater face cutter. 15 The feed rate for each run
was 100 lb/hr (45.4 kg/hr) and the screw speed was 120 rpm. Polymer was fed
to the extruder using a Conair feeder with a variable speed auger. Peroxide
was injected 12 diametersdons- ream of the feed port, and MA was injected 6
diameters downstream of the feed port. Dilution oil, when it was utilized,
was also injected 6 diameters downstream of the feed port. The amine
solution was injected 17 diameters downstream of the feed port. 20     An
air-driven William's pneumatic plunger pump was used to inject the amine
solution for the examples incorporating the diblock copolymer and the high
molecular weight star polymer. A Zenith-Nichols gear pump, Model
BPB-4391-1.168 was used to inject the amine solution in the preparation of
the compositions containing the low molecular weight star-shaped polymer.
The gear pump is preferred because use of the pneumatic plunger pump
resulted in surges in the feed rate whereas the gear pump did not. The gear
25 pump required that the amine be diluted to a 50% by weight solution in
mineral oil to lubricate the pump. The devolatilizaton port was operated at
pressures in the range 50 to 150 torr (6,666 to 20,000 Pa.s). The product
was pelletized using a Gala underwater pelletization system. Pellets were
recovered in trays from a spin dryer. In the following examples GPC
analyses were performed on the aminated polymers. 30     Maleated polymers
were analyzed by hot press, IR techniques. For star-shaped polymers, a
spike of hydrogenated styrene-styrene triblock copolymer was added as a
reference peak. Bound amine was determined by a hot press Infrared
technique similar to that. used for maleic anhydride analysis. Total
nitrogen was determined by coulometric analysis. 35 Hydrogenated Diblock
The hydrogenated diblock copolymer of isoprene and styrene was aminated in
the Welding Engineering extruder described above, using the amounts of
peroxide, oil, MA and amine listed in Table 1. The amounts 40 are in
percent weights based on the amount of base polymer. The total degradation,
and degradation to high molecular weight polymer was measured and is also
included in Table 1. This example demonstrates significant decreases in
degradation when diluent oil is present during the functionalization
process. 45 50 55 10   



. EP 0 422 728 B1 20 25 I 40 45 55 Low Molecular Weight Star Polymer The
hydrogenated star-shaped polyisoprene polymer was functionalised with MA,
using initiator "Luper- sol 101", and reacted with DAP in the Welding
Enginee ring extruder as described above. The amounts of    EP 0 422 728 B1
the components, and the measured degradation are listed In Table 2. The low
molecular weight star-shaped polymer has a low viscosity and cold flows
easily. It is therefore obtained in bales. The bales were chopped into 1.27
cm (0.5 Inch) strips and then granulated to produce chips. These chips were
then dusted with 5-10 %w of crumbs of the hydrogenated diblock
isoprene-styrene copolymer used in compositions 1, 2, C1 and 5  C2. The
dusted chips were then stored in a refrigerator at a temperature in the
range from 10 to [err] (-12 to -[err]) until they were functionalised. 10
15 20 25 30 35 40 45 50 55 12    EP 0 422 728 B1 0 0 35 0 ss High Molecular
weight Star-Shaped Polymer Table 3 summarises the composition and
properties of Compositions 6 and C6, in which the base polymer is the high
molecular weight star-shaped polymer. 13  



EP 0 422 728 B1 The HMP for the high molecular weight polymer could not be
determined by the modified GPC methods due to poor resolution with polymers
of such high molecular weight. Again, it can be seen that the presence of
diluent oil has a significant impact on the extent of degradation. 4) 25 0
0 35 45                                                          H  H so 14
EP 0 422 728 B1 Shear Loss Example The effect of the present invention on
shear loss ("DIN loss") was determined in this example. The low molecular
weight star-shaped base polymer described above was aminated utilising
varying amounts of 5  diluent oil, peroxide, MA and DAP, according to Table
4. The Welding Engineering extruder described above was utilised as was the
process described above. Comparative Compositions C7 and C8 were prepared
without diluent oil, and Comparative Composition C9 was prepared using 2%
by weight, based on the base polymer, of diluent oil. Compositions 7, 8 and
9 were prepared using 6% by weight diluent oil and composition 10, 11 and
12 were prepared using 10% by weight diluent oil. The DIN loses were
measured 10 on a Kurt Orbahn Diesel Injector Test according to ASTM
D3945-86. It can be seen from Table 4 that the process of the present
invention results in DIN losses of less than 15% by weight. In the
preferred embodiment of about 10% diluent oil the DIN loss was less than
12% by weight. Prior art extrusion amination resulted in DIN losses of
greater than 16% by weight. 15 20 25 30 35 40 45 50    EP 0 422 728 B1 20
25 30 



35 Claims 50 Claims for the following Contracting States: BE, CH, DE, FR,
GB, IT, LI, NL, SE 1. A process for the preparation of a dispersant
viscosity index improver aminated polymer comprising the steps of: (a)
producing a functionalized polymer by grafting an alpha-beta unsaturated
carboxylic moiety 55        selected from the group consisting of acids,
anhydrides and esters, to a base polymer selected from the group consisting
of i) selectively hydrogenated block copolymers comprising one or more
blocks comprising predominantly conjugated diolefin monomer units, and one
or more blocks comprising predominantly monalkenyl arene monomer units, and
ii) hydrogenated polymers comprising con- 16    H      H       H      H 25
30 40 45 Claims 50  Claims for the following Contracting States: BE, CH,
DEFRGB, IT ,Ll,NLSE 1. A process for the preparation of a dispersant
viscosity index improver aminated polymer comprising the steps of: (a)
producing a functionalized polymer by grafting an alpha-beta unsaturated
carboxylic moiety 55        selected from the group consisting of acids,
anhydrides and esters, to a base polymer selected from the group consisting
of i) selectively hydrogenated block copolymers comprising one or more
blocks comprising predominantly conjugated diolefin monomer units, and one
or more blocks comprising predominantly monalkenyl arene monomer units, and
ii) hydrogenated polymers comprising con- 16    EP 0 422 728 B1           C
L   M   S jugated diolefin monomer units, where the functionalization is
performed in a device capable of imparting high mechanical energy and is
performed in the presence of from 3.0% to 15% by weight based on the amount
of base polymer of a diluent oil; (b) reacting the functionalized polymer
with an amine to from an aminated polymer; and 5        (c) recovering the
aminated polymer. 2. A process accordng to Claim 1 wherein step (a) is
performed in the presence of a free radical initiator selected from the
group consisting of 2,5-dimethyl-2,5-bis(tert butylperoxy) hexane, ethyl
3,3-di- (tertbutyl peroxy) cyclohexane, ditertbutyl peroxide, tort
butylcumyl peroxide, and 1,1-bis(tert butyl 10
peroxy)-3,3,5-trimethylcyclo-hexane. 3. A process according to Claim 1 or 2
wherein the amine is diethyl-aminopropylamine. 4. A process according to
Claim 1, 2 or 3 wherein the base polymer Is a selectively hydrogenated
linear 15     block copolymer containing at least one block comprising
predominantly conjugated diolefin monomer 



units and at least one block comprising predominantly monoalkenyl arene
monomer units, the base polymer having a monoalkenyl arene content of from
15% to 40% by weight, a number average molecular weight in the range from
80,000 to 150,000 as measured by GPC with a polystyrene standard wherein
the ethylenic unsaturation of the base polymer has been reduced to less
than 20% of 20     the original ethylene unsaturation by hydrogenation, or
a star configuration base polymer which is a hydrogenated homopolymer of a
conjugated diene wherein the unsaturation has been reduced to less than 20%
of the original unsaturation by hydrogenation, and the number average
molecular weight of the arms of the base polymer is in the range from
30,000 to 75,000 as measured by GPC with a polystyrene standard. 25 5 A
process according to Claim 4 wherein the conjugated diolefin is isoprene,
and the monoalkenyl arena is styrene. 6. A process according to any one of
Claims 1 to 5 wherein the alpha-beta unsaturated carboxylic moiety 30    is
maleic anhydride. 7. A process according to any one of Claims 1 to 6
wherein the molar ratio of amine to carboxylic moiety is in the range from
0.1:1 to 2:1. 35  8.  A process according to any one of Claims 1 to 7
wherein the amount of alpha-beta unsaturated carboxylic moiety is
sufficient to result in at least on the average one carboxylic functional
group per polymer molecule and not more than 5% by weight carboxylic
functional groups as percent by weight of the base polymer. 40  9. A
process according to any one of Claims 1 to 8 wherein the amount of amine
is sufficient to result in at least on the average one amine group per
polymer molecule and not more than 2.0% by weight nitrogen in the aminated
polymer. 10. A lubricating oil composition comprising a major proportion of
a lubricating oil and a minor proportion of 45     an animated polymer
whenever prepared by a process according to any of Claims 1 to 9. Claims
for the following Contracting State: ES 1. A process for the preparation of
a dispersant viscosity index improver aminated polymer comprising the so
steps of: (a) producing a functionalized polymer by grafting an alpha-beta
unsaturated carboxylic moiety selected from the group consisting of acids,
anhydrides and esters, to a base polymer selected from the group consisting
of i) selectively hydrogenated block copolymers comprising one or more
blocks comprising predominantly conjugated diolefin monomer units, and one
or more blocks comprising 55       predominantly monalkenyl arene monomer
units, and ii) hydrogenated polymers comprising con- jugated diolefin
monomer units, where the functionalization is performed in a device capable
of imparting high mechanical energy and is performed in the presence of
from 3.0% to 15% by weight based on the amount of base polymer of a diluent
oil; 17    EP 0 422 728 B1 (b) reacting the functionalized polymer with an
amine to from an aminated polymer; and (c) recovering the aminated polymer.
2. A process accordng to Claim 1 wherein step (a) is performed in the
presence of a free radical initiator 5      selected from the group
consisting of 2,5-dimethyl-2,5-bis(tert butylperoxy) hexane, ethyl 3,3-di- 



(tertbutyl peroxy) cyclohexane, ditertbutyl peroxide, tert butylcumyl
peroxide, and 1,1-bis(tert butyl peroxy)-3,3,5-trimethylcyclo-hexane. 3 A
process according to Claim 1 or 2 wherein the amine is
diethyl-aminopropylamine. 10 4. A process according to Claim 1, 2 or 3
wherein the base polymer is a selectively hydrogenated linear block
copolymer containing at least one block comprising predominantly conjugated
diolefin monomer units and at least one block comprising predominantly
monoalkenyl arene monomer units, the base polymer having a monoalkenyl
arene content of from 15% to 40% by weight, a number average 15
molecular weight in the range from 80,000 to 150,000 as measured by GPC
with a polystyrene standard wherein the ethylenic unsaturation of the base
polymer has been reduced to less than 20% of the original ethylenc
unsaturation by hydrogenation, or a star configuration base polymer which
is a hydrogenated homopolymer of a conjugated diene wherein the
unsaturation has been reduced to less than 20% of the original unsaturation
by hydrogenation, and the number average molecular weight of 20    the arms
of the base polymer is in the range from 30,000 to 75,000 as measured by
GPC with a polystyrene standard. 5. A process according to Claim 4 wherein
the conjugated diolefin is isoprene, and the monoalkenyl arene is styrene.
25 6. A process according to any one of Claims 1 to 5 wherein the
alpha-beta unsaturated carboxylic moiety is maleic anhydride. 7. A process
according to any one of Claims 1 to 6 wherein the molar ratio of amine to
carboxylic moiety 30   is in the range from 0.1:1 to 2:1. 8  A process
according to any one of Claims 1 to 7 wherein the amount of alpha-beta
unsaturated carboxylic moiety is sufficient to result in at least on the
average one carboxylic functional group per polymer molecule and not more
than 5% by weight carboxylic functional groups as percent by weight 35
of the base polymer. 9. A process according to any one of Claims 1 to 8
wherein the amount of amine is sufficient to result in at least on the
average one amine group per polymer molecule and not more than 2.0% by
weight nitrogen in the aminated polymer. 40 10. A process for the
preparation of a lubricating oil composition which comprises mixing a major
proportion of a lubricating oil and a minor proportion of an animated
polymer whenever prepared by a process according to any of Claims 1 to 9.
45 PatentansprUche PatentansprUche fUr folgende Vertragsstaaten : BE, CH,
DE, FR, GB, IT, LU, NL, SE 1. Ein Verfahren fir die Herstellung eines
aminierten Polymerdispersionsmittels zur Verbesserung des
Viskositatsindexes, welches die folgenden Schritte umfasst: 50       (a)
Herstellen eines funktionalisierten Polymers durch Aufpropfen einer
alpha-beta-ungesdttigten Carbonsaureeinheit, ausgewahit aus der Gruppe, die
sich aus Sduren, Anhydriden und Estern zusammensetzt, auf ein Basispolymer,
ausgewdhlt aus der Gruppe, die sich zusammensetzt aus i) selektiv
hydrierten Blockcopolymeren, die einen oder mehrere, Uberwiegend
konjugierte Diolef- inmonomereinheiten enthaltende(n) Blcke/(Block) und
einen odor mehrere, Oberwiegend Monoal- 55
kenylarenmonomereinheiten enthaltende(n) B13cke/(Block) beinhalten, und ii)
hydrierte Polymere, die konjugierte Diolefinmonomereinheiten beinhalten,
wobei die Funktiona- iisierung in elner Vorrichtung, die geeignet zum
(Jbertragen beachtlicher mechanischer Energie ist, und in Anwesenheit von
3,0 bis 15 Gewichtsprozent eines VerdUnnungsfts, bezogen auf die 



18    EP O 422 728 B1 Menge an Basispolymer, durchgefihrt wird; (b)
Umsetzen des funktionalislerten Polymers mit einem Amin, urn ein aminiertes
Polymer zu bilden; und (c) Gewinnen des aminierten Polymers. 5 2. Ein
Verfahren gemSR Anspruch 1, wobei Schntt (a) in der Anwesenheit eines
Radikalinitiators durchge- f;hrt wird, welcher aus der Gruppe ausgewAhlt
ist, die beinhaltet: 2,5-Dimethyl-2,5-bis-(tert.-butylperoxy)-hexan,
Ethyl-3,3-Di-(tert.-butylperoxy)-cyclohexan, Di-tert.-bu- tylperoxid,
tert.-Butylcumylperoxid, und
1,1-Bis-(tert.-butylperoxy)-3,3,5-trimethylcyclohexan. 10 3. Ein Verfahren
gemAB Anspruch 1 oder 2, wobei das Amin Diethylaminopropylamin ist. 4. Ein
Verfahren gemrB Anspruch 1, 2 oder 3, wobel das Basispolymer ein selekUv
hydriertes, unver- zweigtes Blockcopolymer ist, das mindestens einen Block
beinhaltet, der Oberwiegend konjugierte 1S     Diolefinmonomereinhelten
enthMlt, und mindestens einen Block, der Oberwlegend Monoalkenylarenmo-
nomereinheiten enthdft, wobei das Basispolymer einen Monoalkenylarengehalt
zwlschen 15 und 40 Gewichtsprozent und einen zahlengemittelten
Molekulargewichtsmittelwert im Bereich von 80 000 und 150 000, wie durch
GPC mit einem Polystyrol-Standard gemessen, aufweist, wobel die
ethylenische Ungesatfigtheit des Basispolymers durch Hydrierung auf weniger
als 20 % der urspringlichen ethyleni- 20     schen Ungesfttigtheit
erniedrigt worden ist, oder wobel das Basispolymer ein solches mit
Sternkonfigu- ration ist, welches ein hydriertes Homopolymer eines
konjugierten Diens darstelit, wobel die Ungesat- tigtheit durch Hydrierung
auf weniger als 20 % der urspr~nglichen Ungesattlgtheit emiedrigt worden
ist und der zahlengemittelte Molekulargewichtsmittelwert der Arme des
Basispolymers im Bereich von 30 000 bis 75 000 liegt, wie durch GPC mit
elnem Polystyrol-Standard gemessen. 25 5. Ein Verfahren gemAO Anspruch 4,
wobei das konjugierte Diolefin Isopren und das Monoalkenylaren Styrol ist.
6. Ein Verfahren gemAB Irgendeinem der Ansprlche 1 bis 5, wobel die
alpha-beta-ungesittigte Carbon- 30     saureeinheit Maleinsaureanhydrid
ist. 7. Ein Verfahren gemIB irgendeinem der AnsprUche 1 bis 6, wobel das
molare Verhaitnis von Amin zu Carbonsaureeinheit im Bereich von 0,1:1 bis
2:1 liegt. 36   . Ein Verfahren gemrB irgendeinem der AnsprUche 1 bis 7,
wobel die Menge an alpha-beta-ungesittigter Carbonsaureeinheit ausreichend
ist, um im Durchschnitt mindestens elne funktionelle Carboxyigruppe auf ein
PolymermolekUl, und, bezogen auf das Gewicht des Basispolymers, nicht mehr
als 5 Gewichts- prozent funktionelle Carbonsauregruppen zu ergeben. 40  9.
Ein Verfahren gemaB irgendeinem der Ansprlche 1 bis 8, wobei die Menge an
Amin ausreichend ist, um im Durchschnitt mindestens sine Aminogruppe auf
ein PolymermolekUl und nicht mehr als 2,0 Gewichtsprozent Stickstoff im
aminierten Polymer zu ergeben. 10. Eine Schmier~lzusammensetzung, welche
eine grol3ere Anteilsmenge ein Schmier6ls und eine kleinere 45
Antellsmenge eines aminierten Polymers, soweit es durch ein Verfahren gema3
irgend einem der AnsprUche 1 bis 9 hergestellt wurde, beinhaltet. 



PatentansprUche fUr folgenden Vertragsstaat: ES 50 1. Ein Verfahren ftr die
Herstellung eines aminierten Polymerdispersionsmittels zur Verbesserung des
Viskositatsindexes, welches die folgenden Schritte umfasst: (a) Herstellen
eines funktionalisierten Polymers durch Aufpropfen einer
alpha-beta-ungesattigten Carbonsaureeinheit, ausgewdhtt aus der Gruppe, die
sich aus Sauren, Anhydriden und Estern zusammensetzt, auf ein Basispolymer,
ausgewdhlt aus der Gruppe, die sich zusammensetzt aus 56          i)
selektiv hydrierten Blockeopolymeren, die einen oder mehrere, Oberwiegend
konjugierte Diolef- inmonomereinheiten enthaltende(n) Bl6ckel(Block) und
elnen oder mehrere, aberwiegend Monoal- kenylarenmonomereinheiten
enthaltende(n) Blocke/(Block) beinhalten, und    EP 0 422 728B1 - * C   L
M   S ii) hydrierte Polymere, die konjugierte Diolefinmonomereinheiten
beinhalten, wobei die Funktiona- lisierung in einer Vorrichtung, die
geeignet zum Obertragen beachtlicher mechanischer Energie ist, und in
Anwesenheit von 3,0 bis 15 Gewichtsprozent eines VerdOnnungs6Is, bezogen
auf die Menge an Basispolymer, durchgefUhrt wird; 6        (b) Umsetzen des
funktionalisierten Polymers mit einem Amin, um ein aminiertes Polymer zu
bilden; und (c) Gewinnen des aminierten Polymers. 2. Ein Verfahren gemaB
Anspruch 1, wobei Schritt (a) in der Anwesenheit sines Radikalinitiators
durchge- 10     fUhrt wird, welcher aus der Gruppe ausgewahlt ist, die
beinhaltet: 2,5-Dimethyl-2,5-bis-(tert.-butylperoxy)-hexan,
Ethyl-3,3-di-(tert.-butylperoxy)-cyclohexan, Di-tert.-butylp- eroxid,
tert.-Butylcumylperoxid, und
1,1-Bis-(tert.-butylperoxy)-3,3,5-trimethylcyclohexan. 3. Ein Verfahren
gem18 Anspruch I oder 2, wobei das Amin Diethylaminopropylamin ist. t5 4.
Ein Verfahren gemAB Anspruch 1, 2 oder 3, wobei das Basispolymer ein
selektiv hydriertes, unver- zweigtes Blockcopolymer ist, das mindestens
einen Block beinhaltet, der Oberwiegend konjugierte
Dlolefinmonomereinhelten enthilt und mindestens elnen Block, der
Uberwiegend Monoalkenylarenmo- nomereinheiten enthalt, wobel das
Baslspolymer einen Monoalkenylarengehalt zwlschen 15 und 40 20
Gewichtsprozent und einen zahlengemittelten Molekulargewlchtsmittelwert im
Bereich von 80 000 und 150 000, wie durch GPC mit einem Polystyrol-Standard
gemessen, aufweist, wobei die ethylenische Ungesattigthelt des
Basispolymers durch Hydrierung auf weniger als 20 % der ursprOnglichen
ethyleni- schen Unges~ttigtheit emiedrigt worden ist, oder wobei das
Basispolymer ein soiches mit Sternkonflgu- ration ist, welches ein
hydriertes Homopolymer eines konjugierten Diens darstellt, wobei die
Ungesat- 25     tigtheit durch Hydrierung auf weniger als 20 % der
ursprUnglichen Unges~ttigtheit erniedrigt worden ist und der
zahlengemittelte Molekulargewichtsmittelwert der Arme des Basispolymers im
Bereich von 30 000 bis 75 000 liegt, wie durch GPO mit einem
Polystyrol-Standard gemessen. 5. Ein Verfahren gemaB Anspruch 4, wobel das
konjugierte Diolefin Isopren und das Monoalkenylaren 30     Styrol ist. 6.
Ein Verfahren gema8 irgendeinem der Ansprlche 1 bis 5, wobei die
alpha-beta-ungesIltigte Carbon- sdureeinheit Maleinsaureanhydrid ist. 35
7. Ein Verfahren gemaR irgendeinem der AnsprUche 1 bis 6, wobei das molare
Verhaltnis von Amin zu Carbonsgureeinheit Im Berelch von 0,1:1 bis 2:1
liegt. 



8  Ein Verfahren gemaB irgendeinem der AnsprOche 1 bis 7, wobei die Menge
an alpha-beta-ungesattigter Carbonsaureeinheit ausreichend ist, um im
Durchschnitt mindestens eine funktionelle Carboxylgruppe 40     auf ein
Polymormolekll, und, bezogen auf das Gewicht des Basispolymers, nicht mehr
als 5 Gewichts- prozent funktionelle Carbonsauregruppen zu ergeben. 9. Ein
Verfahren gem1I3 irgendeinem der Ansprache 1 bis 8, wobei die Menge an Amin
ausreichend ist, um im Durchschnitt mindestens eine Aminogruppe auf sin
PolymermolekOI und nicht mehr als 2,0 45     Gewichtsprozent Stickstoff im
aminierten Polymer zu ergeben. 10. Ein Verfahren zur Herstellung einer
Schmierolzusammensetzung, welches das Mischen einer grbBeren Anteilsmenge
elnes Schmierois und elner kleineren Antelismenge eines aminierten
Polymers, soweit es durch ein Verfahren gemfll irgend einem der AnsprUche 1
bis 9 hergestellt wurde, beinhaltet. 50 Revendications Revendlcatlons pour
les Etats contractants suivants: BE, CH, DE, FR, GB, IT, Li, NL, SE 1. Un
proc6d6 pour la preparation d'un polymbre amin6 du type additif dispersant
am6liorant l'indice de 55     viscosite, comportant les 6tapes de: (a)
prdparer un polymere fonctionnalise en greffant une partie carboxylique
alpha-bdta insatur~e choisie dans le groupe constitud des acides, des
anhydrides et des esters, & un polymbre de base choisi dans le groupe
constitu6 de i) des copolymbres s~quenc~s selectivement hydrogen~s 20    EP
0 422 728 B1 *CL  M   S* comportant une ou plusieurs sequences renfermant,
de fagon predominante, des motifs monomeres diolefiniques conjugues, et un
ou plus d'une sequence comportant, de fagon predominante, des motifs
monomeres du type monoalcenyle-arbne, et ii) des polymeres hydrogenes
comportant des motifs monomeres diol6finiques conjugu6s, la
fonctionnalisation 6tant r6alis6e dans un dispositif 5        capable de
conferer une 6nergie mecanique 6levee et 6tant mise en oeuvre en pr6sence
de 3,0% a 15% en poids, en se basant sur la quantite du polymere de base,
d'une huile diluante; (b) reagir le polymbre fonctionnalise avec une amine
afin de former un polymere amin6 ; et (c) r6cup6rer le polymbre amine. 10
2. Un procede solon la revendication 1, dans lequel I'etape (a) est mise en
oeuvre en presence d'un initiateur de radicaux libres cholsis dans le
groups constltui par le 2,5-dimdthyl-2,5-bls(tert butyl- peroxy) hexans, le
3,3-dlitert-butyl peroxy)cyclohexane d'ethyle, le peroxyde de ditertbutyle,
le peroxy- de de tert-butylcumyle, et le
1,1-bis(tert-butyl-peroxy)-3,3,5-trim6thylcyclo-hexane. 15  3. Un procede
selon la revendication 1 ou 2, dans lequel Plamine est la
diethyl-aminopropylamine. 4. Un procede selon la revendication 1, 2 ou 3,
dans lequel le polymere de base est un copolymbre sequenc6 lin6aire,
s6lectivement hydrog6n6, renfermant au moins une sequence comportant de
faQon predominante des motifs monomeres diol6finiques conjugues et au moins
une s6quence comportant, 20     de fagon predominante, des motifs monombres
du type monoalcenyl-arene, le polymere de base pr4sentant une teneur on
monoalc~nyl-arbne de 15% a 40% en poids, un poids moleculaire moyen en
nombre dane la gamme de 80 000 a 150 000 tel que mesure par GPC avec une
polystyrene normallse dans lequel l'insaturation ethylenique du polymbre de
base a ete r6duite a moins de 20% de l'insaturation 6thyl6nique d'origine
par hydrogenation, ou bien un polymere de base a configuration en 



25     dtoile, qul est un homopolymbre hydrog~n6 d'un diene conJugue dans
loquel l'insaturation a 6% r~duite a moins de 20% de l'insaturation
d'origine par hydrogenation, et le poids molculaire moyen en nombre des
ramifications du polym&re de base se situe dans la gamnme de 30 000 A 75
000 tel quo mesure par GPC a l'alde d'un polystyrbne normalise. 30  5. Un
procedd solon la revendication 4, dans lequel la diolefine conjugude est
l'isoprene, et le monoalc6- nylarene est le styrene. 6. Un proc6de solon
l'une quelconque des revendications 1 a 5, dans loquel la partie
carboxylique a insaturation alpha-beta est l'anhydride mal6ique. 35 7. Un
procede solon l'une quelconque des revendications 1 A 6 dans lequel le
rapport molaire de I'amine a la partie carboxylique se situe dans la gamme
de 0,1:1 a 2:1. 8. Un proc6de solon l'une quelconque des revendications 1 a
7, dans lequel la quantite de la partie 40     carboxylique & insaturation
alpha-b6ta est suffisante pour se traduire par au moins un groupe
fonctionnel carboxylique en moyenne par mol~cule polymbre et pas plus de 5%
en poids de groupes fonctionnels carboxyliques en pourcentage en poids du
polymbre de base. 9. Un procede solon l'une quelconque des rovendications 1
a 8, dans lequel la quantit6 d'amine est 45     suffisante pour se traduire
par au moins un groupe amine en moyenne par molecule de polymere et pas
plus de 2,0% en poids d'azote dans le polymere amine. 10. Une composition
d'huile lubrifiante comportant une proportion pr6pond6rante d'une huile
lubrifiante et une proportion plus faible d'un polymbre amin6, lorsqu'il
est prdpar6 par un procedd selon lPune 50     quelconque des revendications
I a 9. Revendicatlons pour I'Etat contractant suivant: ES 1. Un procede
pour la preparation d'un polymbre amin6 du type additif dispersant
amdliorant l'indice de 56     viscosit6, comportant les 6tapes de: (a)
preparer un polym&re fonctionnalise en greffant une partie carboxylique
alpha-beta insatur~e choisie dans le groupe constitu6 des acides, des
anhydrides et des esters, & un polymere de base choisi dans le groupe
constitue de i) des copolymeres sequences selectivement hydrogenes 21    EP
0 422 728 B1 C   L  M   S comportant une ou plusleurs sequences renfermant,
de faQon predominante, des motifs monombres dioldfiniques conjuguds, et un
ou plus d'une s6quence comportant, de fagon prddominante, des motifs
monombres du type monoalcenyle-arene, et ii) des polymeres hydrog6nes
comportant des motifs monomeres diolefiniques conjugu~s, la
fonctionnalisation etant realisee dans un dispositif 5        capable de
conferer une 6nergie mdcanique 6Iev6e et 6tant mise en oeuvre en pr~sence
de 3,0% a 15% en poids, en se basant sur la quantite du polymere de base,
d'une huile diluante; (b) reagir le polymere fonctionnallse avec une amine
afin de former un polymere amine ; et (c) recuperer le polymere amin6e 0o
2. Un procedd selon la revendication 1, dans lequel I'4tape (a) est mise en
oeuvre en presence d'un initiateur de radicaux libres cholsis dans le
groupe constitue par le 2,5-dim~thyl-2,5-bis(tert butyl- peroxy) hexane, le
3,3-dl(tert-butyl peroxy)cyclohexane d'ethyle, le peroxyde de ditertbutyle,
le peroxy- de de tert-butylcumyle, et le
1,1-bis(tert-butyl-peroxy)-3,3,5-trimdthylcyclo-hexane. 



iS  3. Un proc6dM selon la revendication 1 ou 2, dans lequel l'amine est la
didthyl-aminopropylamine. 4. Un proced6 solon la revendication 1, 2 ou 3,
dans lequel le polymere de base est un copolymbre sequence lin6aire,
selectivement hydrogene, renfermant au moins une sequence comportant de
fagon predominante des motifs monomeres diol~finiques conjugu6s et au moins
une sequence comportant, 20     de fagon predominante, des motifs monombres
du type monoalcenyl-arene, le polymere de base presentant une teneur en
monoalcdnyl-arbne de 15% a 40% en poids, un poids moleculaire moyen en
nombre dans la gamme de 80 000 a 150 000 tel que mesurd par GPC avec une
polystyrene normalis6 dans lequel l'insaturation 6thyl6nique du polymbre de
base a MtX reduite a moins de 20% de l'insaturation 6thyldnique d'origine
par hydrog6nat7on, ou bien un polymbre de base a configuration en 26
etoile, qul est un homopolymere hydrogene d'un diene conjugue dans lequel
l'insaturation a ete r~duite & moins de 20% de l'lnsaturation d'origine par
hydrog6nation, et le poids moldculaire moyen on nombre des ramifications du
polymbre de base se situe dans la gamme de 30 000 a 75 000 tel. que mesur6
par GPC & I'aide d'un polystyrene nornalis6. 30  5. Un procedd selon la
revendication 4, dans lequel la diolefine conjuguee est I'isoprAne, et le
monoalce- nylarbne est le styrbne. 6. Un proced6 selon l'une quelconque des
revendications I a 5, dans lequel la partie carboxylique a insaturation
alpha-b~ta est l'anhydride maleique. 35 7. Un procede selon l'une
quelconque des revendications 1 a 6 dans lequel le rapport molaire de
l'amine a la partie carboxylique se situe dans la gamme de 0,1:1 a 2:1. 8.
Un proc~d4 selon l'une quelconque des revendications 1 & 7, dans lequel la
quantit6 de la partie 40     carboxylique & insaturatlon alpha-beta est
suffisante pour se traduire par au moins un. groupe fonctionnel
carboxylique en moyenne par mol6cule polymere et pas plus de 5% en poids de
groupes fonctionnels carboxyliques en pourcentage en poids du polymbre de
base. 9. Un proc6d6 selon l'une quelconque des revendications 1 a 8, dans
lequel la quantite d'amine est 45     suffisante pour se traduire par au
moins un groupe amin6 en moyenne par mol6cule de polymbre et pas plus de
2,0% en poids d'azote dans le polymere amin6. 10. Un procede pour la
preparation d'une composition d'huile lubrifiante, qui comporte le rr6lange
d'une proportion pr6pond6rante d'une huile lubrifiante et d'une proportion
plus faible d'un polymere amin6 so     chaque fois qu'il est pr6par6 par un
proc6d6 selon lune quelconque des revendications 1 a 9. 55 22    


