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5 1. FIELD OF THE INVENTION The present invention relates to processes for
producing bimodal polymer compositions, especially pelletized compositions,
grafted bimodal polymer compositions, and grafted and derivatized bimodal
polymer compositions. The invention further relates to concentrates
obtained from such bimodal polymer 1 o compositions suitable for viscosity
index improvement and lubricant 



compositions. 2. BACKGROUND Lubricant oil formulations generally contain
viscosity index ("VI") 15 improving components derived from
ethylene-alpha-olefin copolymers, which modify the rheological behavior to
increase the lubricant viscosity, and promote a more constant viscosity
over the range of temperatures over which the lubricant is used in, for
example, automotive engines. Higher ethylene-content copolymers efficiently
promote oil thickening, shear stability and low temperature 



2o viscometrics, while lower ethylene-content copolymers are added for the
purpose of lowering the oil pour point. Typical viscosity index improvers
can be functionalized or non-functionalized olefin polymerization products.
With functionalization, polar groups are included to provide a dispersant
effect for any debris in the oil, such as that generated by engine wear. In
a typical process, the 



25 VI product is functionalized with malefic anhydride, and optionally is
further derivatized by reaction with an amine compound. Blends of amorphous
and semicrystalline ethylene propylene copolymers are known for lubricant
oil formulations. The combination of two such ethylenepropylene copolymers
allows for increased thickening efficiency, shear stability, 



30 low temperature viscosity performance and pour point . See, e.g., U.S.
Patent No. 5,391,617, and EP 0 638,611, the disclosures of which are
incorporated herein by reference for purposes of U.S. patent practice.
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Using conventional vanadium based Ziegler-Natta catalysts, the general
approach is to separately polymerize the two copolymers in an alkane
solvent, either hexane in a solution process or propylene in a slurry
process, and to finish  the polymers to remove the solvent. The two
copolymer components have a 5 medium viscosity, and a molecular weight in
excess of that needed ill the final lubricant formulation, for two reasons.
First, most of the traditional EPDM manufacturing plants cannot "finish"
low viscosity polymers having the right viscosity for lubricant
formulations; and second, low viscosity copolymers tend to cold flow upon
storage. The second issue is particularly true for the amorphous 



l0 copolymers, which have a lower plateau modulus. The bales are then
processed by a series of steps to create the final lubricant composition.
In the most generally practiced procedure, the amorphous and
semicrystalline components are dissolved in oil at about a '10 wt r6
concentration, and masticated in the presence of oxygen to obtain overall a
scissioning effect 1 s which reduces the initial molecular weight. This
conventional procedure suffers from several disadvantages. Mastication is a
batch process which can take many hours. In addition, the presence of
oxygen generates a safety hazard. Moreover, the concentrate then may have
to be shipped to the lubricant oil formulator, which generates a long
supply line and significant transport costs and so mitigates 



20 against the use of blends of amorphous and semicrystalline ethylene
propylene copolymers. In another procedure, the VI improver supplier blends
the copolymer components in an extruder, and in that process reduces the
blend viscosity by shearing to reduce the initial molecular weight. In both
procedures, the medium 



25 viscosity of the starting material (and more specifically the amorphous
copolymer) is necessary so that the composition does not "cold flow" during
storage. It would be desirable, but has not been heretofore possible, to
more directly produce a lubricant composition containing a VI improver in
order to ' reduce overall costs of the totality of steps needed, reduce
shipping costs, 30 minimize safety hazards and reduce quality control
problems. It would be desirable especially to arrive at the target
molecular weight without having to pass 



through blending or masticating steps which have a molecular weight
reducing   



W0 02/16251 PCT/US01/44343 -3 effect, and to arrive at a composition having
the correct viscosity and composition for VI improver applications, without
the extra cost and complexity of blending and viscosity-reducing shearing
steps. It would further be desirable to determine 



the copolymer composition to reflect the need for solubility and viscosity
5 improvement. It would still further be desirable to have the capability ~
of making in polymerization, a polymer of a molecular weight which is also
desired for the final lubricant formulation, without having to use blending
steps which may, intentionally but unavoidably, have a lowering effect on
the molecular weight. Thus, there is a need for processes to produce
polymer compositions for 



to VI improvers, and VI improver compositions, which overcome these and
other disadvantages of prior art processes for making lubricant
formulations and the compositions and ingredients used therein. 3. SUMMARY
OF THE INVENTION 



15 3.1 Bimodal Polymer Composition In one aspect, the present invention is
directed to a polymerization process for making a solid bimodal polymer
composition, and to bimodal composition obtainable by such process. The
bimodal composition is directly produced, without the need for the blending
and/or shearing or masticating steps used for 



2o separately polymerized, finished and dried copolymer components in,
typically, pellet form. Further, the bimodal composition can be provided as
a solid composition in pelletized, easily dissolved form, if desired. As
used herein, a composition is "bimodal" because it includes constituent
polymer fractions which have different molecular weights, different
molecular 25 weight distributions, and/or different monomer compositional
or sequence 



distributions. The constituent fractions are predominantly produced in
solution in separate polymerization steps. The separately obtained
dissolved polymer fractions are combined before finishing, so that a
bimodal composition emerges from the subsequent, shared finishing process.
The term "finishing" includes any 



3o form of solvent removal and other processing steps which lead to the
formation of the polymer composition as a solid with the solvent
substantially removed (typically to a concentration of less then 0.1 wt %).
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The separate polymerizations may be performed in parallel with the (
effluent polymer solutions from two reactors combined downstream before the
finishing. The separate polymerizations may alternatively be performed in
series, where the effluent of one reactor is fed to the next reactor. The
selection between 5 the options is one depending on the available plant
layout and options, and the type of polymer intended to be made. One
skilled in the art can readily select a 



parallel or series reactor arrangement. For example, series reaction may be
favored if one fraction is to be produced at a higher temperature than
another fraction, as the heated effluent of a first polymerization can be
supplied to a l0 second reactor for polymerization at a higher temperature.
While the parallel and series options appear to be different,, the precise
composition of the resulting bimodal compositions differs little for
purposes of the present invention. While polymer and catalyst can be
carried over from the first reactor to the second in series, actually the
polymer product produced in the 



15 second reactor is not appreciably different compared to the case wherein
in parallel reaction the feed to both reactors contains no polymer. In
other words, the precise composition of the bimodal composition for
purposes of the present invention depends principally on the reactor
conditions in the respective reactors. In each of the reactors, the
polymerization is preferably such as to generate 20 .a random copolymer,
that is to say as random by back-mixing in the reactor as the catalysts
selected permit the polymer to be. . 



In a preferred embodiment, ethylene, an alpha-olefin comonomer and
optionally a polyene such as a diene are copolymerized, under solution
phase conditions and in the presence of a metaliocene catalyst, to form a
relatively low 25 ethylene content copolymer in a first reactor. The
effluent from the first reactor is directed into a second reactor, where
ethylene, an alpha-olefin comonomer that can be the same or different from
the alpha-olefin used in the first reactor, and optionally a polyene such
as a dime that can be the same or different from the polyene used in the
first reactor, are copolymerized in the presence of a 



3o metallocene catalyst to forni a relatively high ethylene content
copolymer. The effluent from the second reactor is then subject to
finishing to produce a solid, bimodal composition.  



WO 02/.46251 PCT/US01/44343 -5 In another embodiment, ethylene, an
alpha-olefin comonomer and 



optionally a polyene such as a diene are copolymerized, under solution
phase conditions and in the presence of a metallocene catalyst, to form a
relatively high ethylene content copolymer in a first reactor. The effluent
from .the first reactor is 5 directed into a second reactor, where
ethylene, an alpha-olefin comonomer that can be the same or different from
the alpha-olefin used in the first reactor, and optionally a polyene such
as a diene that can be the same or different from the polyene used in the
first reactor, are copolymerized in the presence of a metallocene catalyst
to form a relatively low ethylene content copolymer. The l0 effluent from
the second reactor is then subj ect to finishing to produce a solid bimodal
composition. 



In yet another embodiment, ethylene, an alpha-olefin comonomer and
optionally a polyene such as a dime are copolymerized, under solution phase
conditions and in the presence of a metallocene catalyst, to form a
relatively high 15 ethylene content copolymer in a first reactor. In a
second reactor, further ethylene, an alpha-olefin comonomer and optionally
a polyene such as a dime are copolymerized, under solution phase conditions
and in the presence of a metallocene catalyst, to form a relatively low
ethylene content copolymer The effluents from the first and second reactors
are then combined prior to finishing to 



2o produce a solid bi.modal composition. In all of the above embodiments,
each polymerization is preferably carried out in a continuous stirred, tank
reactor to provide random copolymer fractions. The polymer product
subjected to finishing is an intimate mixture of the relatively high and
relatively low ethylene content copolymers. This product is then finished
to form the solid bimodal composition. 25 Preferably, the solid bimodal
composition is produced in a forni having a 



relatively high surface area, such as pellets. The term "pellets" as used
herein refers generically to the particles such as can be produced by
finishing procedures known in the art. By using sufficiently small pellets,
the bimodal composition can . be dissolved in the simple process used for
blending the components of an oil 3o formulation without, at an
intermediate stage, having to be made into a concentrate by mastication or
having to pass through an extrusion/blending step. Preferably, the solid
bimodal polymer composition has a solubility in oil of 
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at least 5% by weight and a content of ethylene-derived units of from 70 to
85 mol %. The MFR of the bimodal polymer composition will be intermediate
to the MFR of the lower and higher ethylene content copolymers when these
copolymers have different MFRs. . . .Alternatively, the MFR of the polymer
composition will be 5 similar to the MFR of the copolymers, when the
copolymer have similar MFRs. The lower ethylene content copolymer has from
50 to 70 mol % ethylene-derived units and from 5 0 to 3 0 mol %
comonomer-derived units, an MFR of from 0.2 to 



25 and a molecular weight distribution M",/Mn of from 1.5 to 3. The higher
ethylene content copolymer has greater than 70 mol % ethylene-derived units
in i 0 one embodiment, or greater than 74 mol % ethylene-derived units or
greater than 78 mol % ethylene-derived units in other embodiments. The
higher ethylene content copolymer can have an MFR of from 0.2 to 25, and an
MW/M" of from 1.5 to 3. The MFR of the lower and higher ethylene-content
copolymers can be the 



same or different. 15 3.2 Grafted Bimodal Polymer Composition 



In another aspect, the present invention provides a process for making a
grafted polymer composition suitable for use as a viscosity index improver,
the composition being produced directly as a blend having the "correct"
viscosity, i. e., a viscosity suitable for the intended use, without the
need for additional blending and shearing steps. The process is carried out
as described in the process above, with the additional step of grafting or
functionalizing the polymer composition with a desired functional group,
preferably grafting With malefic anhydride to form a grafted polymer
composition with malefic anhydride functional groups. Preferably, the
grafted polymer composition has a malefic anhydride content of from 0.1 to
5 mol %. Optionally, the grafted polymer composition can be further
derivatized by reaction with a derivatizing compound, the derivatizing
compound including at least one derivatizing group capable of reacting with
the malefic anhydride functional group of the grafted polymer composition.
Preferably, the derivatizing compound is an amine. .AYL.AY(`.Als.Al;
`.Als.A3N`%Fhik #.S/ 
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