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(57) On décnt des procedes de production de
copolymeres greffes, qui consistent a: a) se procurer 1) un
copolymere d’¢thylene-propylene (EP) ou autre
polymere pouvant é&tre greffé, 1) un monomere
¢thyléniquement insature a base de soufre, d’azote et/ou
d’oxygene, et 11) une quantit¢ suffisante d’un mitiateur
pour greffer lesdits monomere et copolymere d’EP ou
autre polymere pouvant €tre greffe; b) placer ledit
copolymere d’EP ou autre polymere pouvant €tre greffe
dans une extrudeuse; ¢) placer ledit monomere dans
I’extrudeuse; d) placer ledit imtiateur dans I'extrudeuse,
au moins un des réactifs mentionnes sous a) ¢tant mis au
contact d’un solvant polaire; et €) mettre en réaction ledit
copolymere d’EP ou autre polymere pouvant étre grefie,
le monomere et I'mitiateur dans ['extrudeuse en
fonctionnement pour former le copolymere greffe. On
décnit en outre des procedes de production d’un additif
d’indice de wviscosite dispersant et des procedeés de
production d’une huile lubrifiante. On décrit enfin des
produits de copolymere greff¢ obtenus par lesdits
procedes.
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(57) Methods are disclosed for making graft copolymers.
The methods comprise the steps of: (a) providing (1) an
ethylene/propylene (EP) copolymer or other graftable
polymer, (11) an ethylenically unsaturated sulfur-,
nitrogen- and/or oxygen-containing monomer, and (111)
an amount of an mitiator sufficient to graft said monomer
and EP copolymer or other graftable polymer; (b)
introducing said EP copolymer or other graftable
polymer 1nto an extruder; (¢) introducing said monomer
into the extruder; (d) introducing said initiator mnto the
extruder; wherein at least one of the above-identified
reactants 1n (a) 1s mtroduced 1n the presence of a polar
solvent; and (e) reacting said EP copolymer or other
oraftable polymer, monomer and initiator by operating
said extruder, thereby forming the graft copolymer. This
invention also relates to methods of making a dispersant
viscosity mndex improver and methods for making a
lubricating oil. This invention further relates to graft
copolymer products made by the aforementioned
methods.
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(54) Title: PROCESSES FOR PREPARING GRAFTED COPOLYMERS

(87) Abstract

Methods are disclosed for making graft copolymers. The methods comprise the steps of: (a) providing (i) an ethylene/propylene
(EP) copolymer or other graftable polymer, (ii) an ethylenically unsaturated sulfur—, nitrogen— and/or oxygen—containing monomer, and
(iii) an amount of an initiator sufficient to graft said monomer and EP copolymer or other graftable polymer; (b) introducing said EP
copolymer or other graftable polymer into an extruder; (¢) introducing said monomer into the extruder; (d) introducing said initiator into
the extruder; wherein at least one of the above—identified reactants in (a) is introduced in the presence of a polar solvent; and (e) reacting
said EP copolymer or other graftable polymer, monomer and initiator by operating said extruder, thereby forming the graft copolymer. This
invention also relates to methods of making a dispersant viscosity index improver and methods for making a lubricating oil. This invention
further relates to graft copolymer products made by the aforementioned methods.
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PROCESSES FOR PREPARING GRAFTED COPOLYMERS
BACKGROUND OF THE INVENTION

The present invention relates to processes for the preparation of graft
copolymers. These processes involve the use of polar solvents in graft polymer
extrusion reactions. This invention further relates to processes for preparing
graft polymers useful as dispersant viscosity index improvers.

Solution grafting is a well known method for producing polymers.
Typically, various reagents are introduced, either neat or as solutions in various
solvents, into one or more reaction vessels containing solvent. The desired
polymer product must sometimes then be separated from the reaction solvents
and/or impurities by appropriate purification steps. Thus, these methods are
limited by factors such as: practicality, availability and cost of ‘solvents:
practicality and economics of required purification procedures; and concerns
surrounding generation and disposal of waste products associated with the
processes.

Even when the reaction medium makes up part of the desired end
product, solution grafting may be undesirable in terms of costs and logistics of
transporting and storing the end product compared to a more concentrated
polymer product. For example, some dispersant viscosity index improvers
(DVIl's) are made by a solution grafting process where a base oil is the solvent
(See for example, U.S. Patent 5,523,008). This is particularly acceptable
where the DVII in base oil will ultimately comprise a lubricating oil formulation.
In certain instances, however, it would be more economical and safer to
transport and store a more concentrated form of the DVII for later blending with
the base oil.

Current methods of producing polymer products for Ilubrication

applications require that the reaction polymer product be further processed in

order to achieve the desired physical characteristics. For example, to achieve
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a desired shear stability index (SSl), a measure of potential for in-service
viscosity loss, the polymer product must be subjected to homogenization (i.e.
mechanical shearing) in order to create a polymer product with uniform and
consistent viscosity characteristics. The presence of undesirable reaction
by-products is responsible, in part, for the necessity of such further processing.
Thus, reducing the formation of reaction side products may also reduce or
eliminate the necessity for downstream homogenization in order to achieve a
polymer product with the desired finished characteristics.

One such undesirable side polymerization process that may occur is
cOupIing of the polymer starting material with itself. This chain extension
process leads to larger chain polymers that uitimately affect the purity of the
graft polymer product resulting from the desired polymerization reaction.

Another undesirable side polymerization process that may occur in
solution grafting processes is reaction between the solvent and the monomer.
For instance, in solution grafting where base oil is the solvent, this type of side
polymerization process results in the production of monomer-grafted base ol
polymers. These by-products may contaminate the desired graft polymer and
thus may be introduced into the lubrication oil formulations with the desired
graft polymer product. The presence of the monomer-grafted base oil polymers
in the lubrication oil formulations detrimentally affects seal compatibility in
engines utilizing such formulations.

Grafted polymers made by solution processes include those described in
U.S. Patent 5,523,008. U.S. Patent 5,523,008 (herein incorporated by
reference in its entirety) discloses novel grafted polymers comprising polyolefin
backbones grafted with ethylenically unsaturated nitrogen or oxygen-containing
monomers. Additionally, dispersant/viscosity index improvers ("DVII's") and
lubricating oil compositions comprising the grafted polymer products are
disclosed. Furthermore, methods for manufacturing such grafted polymers,

DVIil's and lubricating oil compositions are disclosed therein. The grafted

30 polymers described in this patent are shown to possess desirable properties
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and characteristics that are advantageous for use as dispersant/viscosity index
improvers and as dispersants.

Another example of grafted polymers made by solution processes
include those described in U.S. Patent 5,298,665. U.S. Patent 5,298,565
describes graft copolymers prepared by grafting, onto a polymeric substantially
saturated hydrocarbon backbone, a free-radical polymerizable vinyl nitrogen
monomer. While the disclosure teaches a certain stoichiometry of starting
reagents to make such graft polymers, it is unclear what actual proportion of
grafted monomer is present in the polymer product. Additionally, this patent
teaches preparation of the graft copolymers by a solution grafting process using
aliphatic hydrocarbon-substituted aromatic solvents. The disclosure also states
that these graft copolymers may be prepared in different types of reactors,
including extruders and kettle-type reactors (col. 11, lines 50-52).

Extrusion reactions are an alternative to the solution grafting processes
described above. U.S. Patent 5,424,367 describes processes for carrying out
multiple sequential chemical reactions on polymeric feedstock carried out in an
extruder with multiple reaction zones. The key feature of the process is the
removal of impurities from one reaction zone before a subsequent reaction
occurs in a subsequent reaction zone in the extruder. in one embodiment of
this process, feed of water upstream of the first reaction zone leads to less
colored products. An additional embodiment described in this application is a
process for the production of grafted polymers in an extruder reactor by feeding
water prior to the grafting reaction zone. |t is understood that the water is not
incorporated into the polymer when using the procedure outiined for
introduction of the water into the extruder.

Existing extrusion processes, however, still suffer from some limitations.
For instance, not all types of reactants are amenable for use in existing
extrusion methods because of their inability to be intfroduced and mixed into the

reaction process such that a sufficiently uniform grafted product results.
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Thus, a need still exists for improved methods of making grafted
copolymer products. ldeally, such methods should be more efficient, reduce

undesired by-product formation and be less costly to operate.

SUMMARY OF THE INVENTION

This invention provides a method of making a graft copolymer,
comprising the steps of:

(a) providing (i) an ethylene/propylene (EP) copolymer or other graftable
polymer, (i) an ethylenically unsaturated sulfur-, nitrogen- and/or
oxygen-containing monomer, and (iii) an amount of an initiator sufficient to graft
said monomer and EP copolymer or other graftable polymer;

(b) introducing said EP copolymer or other graftable polymer into a
melt-blending apparatus, preferably an extruder;

(c) introducing said monomer into the melt-blending apparatus, preferably the
extruder;

(d) introducing said initiator into the melt-blending apparatus, preferably the
extruder; wherein at least one of the above-identified reactants in (a) is
introduced into the melt-blending apparatus in the presence of at least either a
polar or a non-polar solvent; and

(e) reacting said EP copolymer or other graftable polymer, monomer and
initiator by operating the melt-blending apparatus, preferably the extruder,
thereby forming the graft copolymer.

This method can be used for producing a graft polymer containing at
least 8 moles of N-vinylimidazole (VIMA) per mole of EP copolymer backbone.
The graft polymer can alternatively be defined as containing more than about
0.7% by weight of VIMA grafts on EP copolymer backbone. The polyolefin has
a weight average molecular weight of from about 20,000 to about 500,000 and
a polydispersity of less than about 10. This method has seVéral advantages

over existing methods of making such graft polymers. The extrusion process
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with reactant introduction in a solvent allows for greater reaction efficiency in
utilization of raw materials. The extrusion process dispenses with the necessity
for high solvent volumes as compared to solution grafting processes. This
results in lower reaction costs associated with the reduced requirements for
solvent, not having to remove the solvent from the graft polymer product and
savings associated with ease of transport of the more concentrated form of
grafted polymer product that results from these processes.

The extrusion processes of this invention, which do not utilize the solvent
volumes typically used in solution grafting, minimize or eliminate production of
undesirable solvent grafted by-products. These by-products are produced by
the side reaction of reactants with the solvent during the grafting reaction
process.

The use of polar solvents in these processes provides improved mixing
of the reactants, which aids in the suppression of undesirable side
polymerization reactions, and thus improved reaction efficiency. They also
participate to some degree in control of reaction exotherms through their
volatility, i.e., some of the heat generated in the reaction is dissipated by
"flashing” of the solvent from liquid to a gas that is vented away. These

processes also allow for grafting with reactive chemical intermediates that

heretofore could not be utilized in an extruder.

This invention can also minimize undesired side reactions by utilizing
saturated polymer starting materials, such as ethylene/propylene (EP)
copolymer. Such saturated polymers have a reduced propensity to undergo
coupling side polymerization reactions as compared to polymers possessing
sites of unsaturation.

The methods of this invention may be utilized to produce specifically
tailored grafted polymer products that meet desired physical and chemical
characteristics for a particular application (i.e., dispersant, viscosity index

improver) while avoiding the necessity for the post-reaction processing (i.e.,
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mechanical shearing) sometimes necessary in other methods of producing
polymer products.

Another aspect of this invention s the production of a

dispersant-viscosity index improver (DVIIl) by the aforementioned method. The

5 graft copolymers produced by this method can have ADT dispersancy values of

from about 2 to about 4, preferably from about 4 to about 8, more preferably

from about 8 to about 16, and most preferably from about 16 to about 32 or
higher.

In an alternate embodiment, this invention relates to a method for

10 making a lubricating oil comprising: (a) providing (i) a lubricating base oil, and
(i) a dispersant viscosity index improver made by the method described above;
and (b) mixing the dispersant viscosity index improver in the base oill.

In another alternate embodiment, this invention provides graft polymer
products produced by the aforementioned methods. These graft polymer

15 products differ from graft polymer products made from conventional methods in
that they contain reduced levels of solvent, have greater seal compatibility, yet

retain high ADT dispersancy values.

BRIEF DESCRIPTION OF THE DRAWING
20 The Figure is a schematic view of the extruder and related equipment

utilized in the methods of this invention.

25 DETAILED DESCRIPTION OF THE INVENTION

This invention is a method of making a graft copolymer, comprising the

steps of:
(a) providing (i) an ethylene/propylene (EP) copolymer or other graftable

30 polymer, (ii) an ethylenically unsaturated sulfur-, nitrogen- and/or
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oxygen-containing monomer, and (iii) an amount of an initiator sufficient to graft
said monomer and EP copolymer or other graftable polymer such as EPDMs
(ethylene/propylene/diene monomers);

(b) introducing said EP copolymer or other graftable polymer into a
5 melt-blending apparatus, preferably an extruder;

(c) introducing said monomer into the melt-blending apparatus, preferably the

extruder;

(d) introducing said initiator into the melt-blending apparatus, preferably the

extruder; wherein at least one of the above-identified reactants in (a) is

10 introduced in the presence of at least either a polar or a non-polar solvent; and
(e) reacting said EP copolymer or other graftable polymer, monomer and
initiator by operating the melt-blending apparatus, preferably the extruder,
thereby forming the graft copolymer.

In one preferred embodiment of the invention, at least two of the

15 reactants in (a) are introduced into the melt-blending apparatus, preferably the
extruder, in the presence of at least either a polar solvent or a non-polar
solvent. '

In a second preferred embodiment of the invention, all of the reactants in
(a) are introduced into the melt-blending apparatus, preferably the extruder, in

20 the presence of at least either a polar solvent or a non-polar solvent.

In a third preferred embodiment of the invention, the monomer is
introduced into the extruder in the presence of a polar solvent and the initiator
is introduced into the melt-blending apparatus, preferably the extruder, in the
presence of a non-polar solvent.

25 In a further embodiment of the invention, all of the reactants in (a) are
introduced into the melt-blending apparatus, preferably the extruder, at the
same time.

In a further embodiment of the invention, the monomer is introduced into

the melt-blending apparatus, preferably the extruder, in the presence of a polar

30 solvent.
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The polar solvent is preferably selected from: water, alcohols, esters,
aldehydes and ketones. The polar solvent is preferably water.

The non-polar solvent is preferably selected from: hydrocarbons such as
hexane, decane and hexadecane; kerosenes; poly alpha-olefins such as 4c¢cSt,
6cSt and 8cSt poly alpha-olefins; solvent refined basestocks; hydrocracked
basestocks; and hydroisomerized basestocks.

In another embodiment, the method further comprises (after step (e)) the
additional step of: (f) granulating the resulting extruded copolymer. .

The graft copolymer produced in the method of the present invention

may be formed into pellets, crumbs or bales, or made into a solution.

Reaction Materials
The following are examples of graftable polymers, graftable monomers,
initiators, solvents, and optional inhibitors contemplated for use in the methods
of this invention. The term "mixture" refers to combinations of agents,

including, for example, solutions, dispersions, emulsions, slurries, and the like.

Polymers

Saturated polymers are specifically contemplated for use in the methods
described above. The graftable polymers in the methods described above
comprise a polymer of ethylene, propylene, or isoprene or copolymers thereof,
such as ethylene/propylene (EP). Partially unsaturated copolymers are also
contemplated. Crystalline and amorphous forms of the aforementioned
polymers and copolymers are also contemplated for use in the methods of this
invention. High Mooney amorphous polymers, exemplified by Enichem
CO-051, are also envisioned as polymers suitable for this invention. The use of
a blend of graftable polymers is also contemplated.

The polymers contemplated for use in this invention include the

following:
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olefin polymers such as various forms of polyethylene, ethylene,
propylene, isoprene, ethylene-propylene copolymers (EP), and the like;

polymers from dienes including: styrene butadiene rubber, polyisoprene,
ethylene-propylene diene terpolymers (EPDM), and the like; and

vinyl and vinylidene polymers including: acrylic polymers such as
polymethylmethacrylate, polystyrene and its family of copolymers such as
butadiene-styrene, and the like.

Additionally, the polymers contemplated for use herein include those
suggested in U.S. Patent 5,523,008, col. 4, |. 28 to col. 5, I. 2. A wide variety of
polymers having pendant unsaturation are also contemplated for use herein as
a backbone for grafting. Several examples of polymers contemplated for use
herein include the polymers suggested by U.S. Patent No. 4,092,255, col. 1, Il
29-32: polyisobutene, polyalkylstyrenes, partially hydrogenated polyolefins of
butadiene and styrene, amorphous polyolefins of ethylene and propylene, and
isoprene copolymers.

The polymers contemplated herein may have weight average molecular
weights of from about 20,000 to about 500,000 and polydispersities from about
1 to about 15.

Specific materials which are contemplated for use herein include: Mitsui
XLL-10, XLM-12 , XLH-15 and XLH-17 amorphous ethylene/propylene rubbers
sold by Mitsui Petrochemical Industries, Ltd., Tokyo, Japan; VISTALON
ethylene/propylene polyolefins, sold by Exxon Chemical Americas, Houston,
Texas; Shell Vis polymers, such as, SV-250 hydrogenated isoprene copolymer,
SV-200 and SV-300 styrenefisoprene polymers, and SV-40 and SV-50
styene/butadiene polymers sold by Shell Chemical Co., Houston, Texas; Dutral
CO and Dutral CT amorphous ethylene/propylene elastomers, such as, CO-034
and CO-043, Buna EPM copolymers sold by Bayer Corporation , Akron, OH;
and Lubrizol-7441 and -7340 polymers sold by Lubrizol Corparation, --Wickiliffe,

Ohio; combinations of the above materials: and other, similar materials.
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Graftable Monomers '

Broadly, any of the graftable monomers previously used to graft
polyolefins are also contemplated for use herein. For example, the monomers
recited in U.S. Patent No. 4,146,489, col. 4, |l. 2 through 41; U.S. Patent No.
4 092,255, from col. 2, |. 45, to col. 3, |. 47; U.S. Patent No. 4,810,754, from
col. 3, 1. 24, to col. 4, |. 4, and U.S. Patent 4,460,788 from col. 1, Il. 49-60 are
hereby incorporated herein by reference.

Specific graftable monomers contemplated for use herein include the
following:

N-vinylimidazole;
1-vinyl-2-pyrrolidinone;
C-vinylimidazole;
N-allylimidazole;
1-vinylpyrrolidinone,
2-vinylpyridine;

4-vinylpyridine;
N-methyl-N-vinylacetamide;
diallyl formamide;
N-methyl-N-allyl formamide;
N-ethyl-N-allyl formamide;
N-cyclohexyl-N-allyl formamide;
4-methyi-5-vinyl thiazole;
N-allyl diisooctyl phenothiazine;
2-methyl-1-vinylimidazole
3-methyl-1-vinylpyrazole
N-vinyipurine
N-vinylpiperazines
N-vinylsuccinimide
vinylpiperidines

vinylmorpholines
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maleic anhydride

maleic acid

acrylic acid

aminopropylimidazole
as well as combinations of those materials or other, similar maternals. More
broadly, any sulfur-, oxygen- and/or nitrogen-containing ethyienically
unsaturated, aliphatic or aromatic monomers having from 2 to about 50 carbon
atoms, as well as combinations of such monomers, are contemplated for use
as graftable monomers herein.

In the processes of this invention, the monomer can be added as a
mixture with a polar solvent. The monomer is preferably added as a mixture
with the solvent comprising from about 5% to about 95% (w/w), preferably from
about 10% to about 90% (w/w), more preferably from about 20% to about 85%
(w/w), even more preferably from about 30% to about 75% (w/w), even more
preferably from about 40% to about 65% (w/w), and most preferably from about
45% to about 60% (w/w), monomer in solvent. Specifically contemplated is the
addition of the monomer as a solution comprising water. Although solutions are
described herein, this invention also contemplates additions as dispersions or
emulsions where appropriate, in which case what has been referred to as a
solvent may be considered a diluent.

Initiators

Broadly, any free-radical initiator capable of operating under the
conditions of the present reaction is contemplated for use herein. The initiator
can be a peroxy initiator, an azo initiator, or combination thereof. These
include, for example, alkyl and dialkyl peroxides, aryl and diaryl peroxides
diacyl peroxides, ketone peroxides, peroxydicarbonates, peroxyesters,
peroxyketals, hydroperoxides and azo initiators. Representative initiators are
disclosed in U.S. Patent No. 4,146,489, col. 4, Il. 45-53, which is incorporated
herein by reference. Specific initiators contemplated herein include for

example:
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di-t-buty! peroxide,

dicumyl peroxide;

t-butyl-cumyl peroxide;

t-butyl perbenzoate;

t-amyl perbenzoate;

t-butyl peroxyacetate;

t-butyl peroxybenzoate;

benzoyl peroxide,;

di-t-butyl peroxy phthalate;

2,5 -dimethyl-2,5,-di(t-butyl peroxy)hexane;

2,5,-dimethyl-2,5,-di(t-butyl peroxy)hexyne;
and combinations thereof; azo initiators, for example:

butanenitrile,2-methyl,2,23-azobis;

propanenitrile,2-methyl,2,23-azobis;

2,23-azobis(2,4-dimethylpentane nitrile);

1,13-azobis(cyclohexanecarbonitrile);

azoisobutyronitrile (AIBN);
and combinations thereof; hydroperoxide initiators, for example:

hydrogen peroxide;

2,5-dihydroperoxy-2,5-dimethyl hexane (Luperox®, Elf Atochem,
Philadelphia, PA);

cumene hydroperoxide;

t-butylhydroperoxide;

t-amylhydroperoxide;
and combinations thereof, and other similar materials. Any of the above
classes of initiators or specifically listed initiators may be used in combination to
provide optimal radical initiation throughout the entire reaction process.
Depending on the physical and chemical properties of each .individual initiator,
the initiator may be available in pure form or as a compositional blend. These

compositional blends may include water, organics (i.e., alkyl, aryl, phenyl,
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hydrocarbons), alcohols, stabilizers, preservatives or other_ additives kndwn In
commercial compositional blends or in the peroxide art. These formulations
may be used in the processes of this invention as commercially supplied (i.e.,
admixed with solvent for injection into the extruder) or may be subjected to
known additional preparation or purification steps prior to use in the processes
of this invention.

Each such initiator commonly has an appropriate minimum reaction
initiation temperature, above which it will readily initiate a reaction and below
which the reaction will proceed more slowly or not at all. Consequently, the
minimum reaction temperature is commonly dictated by the selected initiator.

In the processes of this invention, the initiator may be added as a
solution in a hydrocarbon solvent or a polar solvent (or diluent). Naphtha is a

specifically contemplated hydrocarbon solvent. Water is a specifically
contemplated polar solvent. The initiator is added as a mixture with the solvent
comprising from about 5% to about 95% (w/w), preferably from about 10% to
about 90% (w/w), more preferably from about 15% to about 85% (w/w), even
more preferably from about 20% to about 80% (w/w), even more preferably
from about 25% to about 75% (w/w), even more preferably from about 30% to
about 65% (w/w), and most preferably from about 35% to about 55% (w/w), of
initiator in solvent. Although solutions are described herein, this invention also

contemplates additions as dispersions or emuisions where appropriate.

Solvents

Both polar and non-polar solvents impart particular advantages in the
extrusion methods of this invention. Such solvents may allow for more uniform
mixing of reagents, may aid in the mediation of the reaction temperature and
their use may provide safety advantages including reduced waste generation
and reduced waste remediation costs. These soivents facilitate addition of one

or more reagents during the process of making grafted polymers, and may,

30 where appropriate, also be used in these methods for purposes other than
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introduction of reactants (e.g., for reaction temperature modulation, reaction
mixture uniformity, reaction mixture handling or processing, and the like).

Solvents in the methods of this invention are those solvents capable of
forming a mixture (i;e., solution, dispersion, emulision, slurry, etc.) with a
reagent used in the methods of this invention. Examples of polar solvents
include: water, dimethyl sulfoxide (DMSQO), alcohols, aldehydes, ketones (e.g.
écetone), esters, nitriles, sulfoxides or combinations thereof. Water is
particularly advantageous as a polar solvent for introduction of the monomer,
particularly vinyl imidazole, in the extrusion methods described above. Water
can also be added as a solvent for the introduction of water-soluble
hydroperoxide initiators. Moreover, the higher safety profile of water relative to
other solvents improves the overall safety of the polymer production method
and further reduces handling and waste removal/disposal costs associated with
operation of the extrusion process.

Other solvents useful in the processes of this invention include volatile
solvents which are readily removed or stripped from the grafted polyolefin
during reaction or after the reaction is complete. These solvents are typically
useful for addition of one or more reagents during the extrusion process. Any
solvent may be used which can disperse or dissolve one or more of the
remaining components of the reaction mixture and which will not participate
appreciably in the reaction or cause side reactions to a material degree.
Several examples of solvents of this type include straight chain or branched
aliphatic or alicyclic hydrocarbons, such as n-pentane, n-heptane, i-heptane,
n-octane, i-octane, nonane, decane, cyclohexane, tetrahydronaphthalene,
decahydronaphthalene (sold, for example, under the trademark DECALIN by
E.l. Du Pont de Nemours & Co., Wilmington, Delaware). Other solvents
contemplated include ethers, kerosenes, poly alpha-olefins such as 4cSt, 6¢St
and 8cS poly alpha-olefins; solvent refined basestocks; hydrocracked
basestocks; and hydroisomerized basestocks. Mixtures of the above are also

contemplated as solvents for use herein. Nonreactive halogenated aromatic
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hydrocarbons such as chlorobenzene, dichlorobenzene, dichlorotoluene and
others are also useful as solvents.

The solvents useful here also include base oil which will be suitable for
incorporation into a final lubricating oil product. Examples of suitable solvents
of this type are disclosed in U.S. Patent 5,523,008.

Mixtures of both polar and non-polar solvents are also contemplated for

use in the present invention.

Inhibitors

Inhibitors may optionally be used in the present grafting reaction, where
appropriate, to limit the degree of crosslinking of the polymer. The inventors
contemplate that limiting the amount of crosslinking will reduce the viscosity
increase resulting from the grafting reaction and provide a final grafted
polyolefin which has improved shear stability. Inhibitors may also be used to
moderate or control monomer consumption in the grafting process via coupling
reactions or to facilitate efficient mixing and distribution of the monomer in the
reaction mixture.

One category of inhibitors contemplated herein is that of hindered
phenols, which are commonly used as antioxidants or free radical inhibitors.
One representative hindered phenol for this purpose is octadecyl
3,5-di-tert-butyl-4-hydroxyhydrocinnamate, which is sold as Irganox 1076 by

Ciba-Geigy Corp. Another representative inhibitor is hydroquinone.

Extrusion Reaction Conditions
The present invention can be carried out by providing a melted reactant
composition in an extruder. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>