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PROCESS FOR FORMING POLYALPHAOLEFIN DRAG REDUCING AGENTS AND COMPOSITION CONTAINING
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BACKGROUND OF THE INVENTION

1. Field Of The Invention
This invention relates to the preparation of polyalphaolefin drag reducing agents, particularly
the preparation of polymers and copolymers of alphaolefins that function as drag reducing agents.

2 Description Of Related Art

The flow of liquid in a conduit, such as a pipe, results in frictional energy losses. As a result
of this energy loss, the pressure of the liquid in the conduit decreases along the conduit in the
direction of the flow. For a conduit of fixed diameter, the pressure drop increases with increasing
flow rate. When the flow in the conduit is turbulent (Reynold’s number greater than about 2100),
certain high molecular weight polymers can be added to the liquid flowing in the conduit to reduce
the frictional energy losses and alter the relationship between pressure drop and flow rate. These
polymers, commonly referred to as drag reducing agents (“DRAs"), interact with the turbulent flow
processes and reduce frictional pressure losses such that the pressure drop for a given flow rate is
less, or the flow rate for a given pressure drop is greater. Because DRAs reduce frictional energy
losses, increase in the flow capability of pipelines, hoses and other conduits in which liquids flow
can be achieved. The use of DRAs can also decrease the cost of pumping fluids, the cost of
equipment used to pump fluids, and provide for the use of a smaller pipe diameter for a given flow
capacity.

Recognizing the desire to reduce frictional energy losses in the flow of liquid in pipes, a
number of polymers, copolymers and methods for making polymers and copolymers have been
proposed. For example, in one approach, a polymer is produced by the polymerization of an
alphaolefin in a hydrocarbon solvent. The entire mixture, containing polyalphaolefin, solvent, and
catalyst particles, is used without separation to make up dilute solutions of the polymer in crude oil
or other hydrocarbons. In another approach, a composition of a polyacrylamide, water and a
dispersing agent, which may be an anionic or nonionic surface active agent, is used. Earlier DRA
polymer mixtures have certain shortcomings. For example, one of the problems associated with
those DRA polymer mixtures is that the polymers, which are of high molecular weight, tend to be
difficult to dissolve without degradation of the polymer and without significant reduction in
molecular weight.
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The present invention overcomes one or more of the shortcomings of earlier DRA polymer
mixtures. In one aspect of this invention, a viscosity reducing agent that includes a substantially
hydrophobic dispersant is introduced during the polymerization process. It is contemplated that the
addition of the dispersant improves the bulk fluid properties and handling characteristics of the
finished product and also improves the solubility of the finished product. It is further contemplated
that through the process of including a dispersant during the polymerization process. a high
molecular weight polyalphaolefin and a more uniform molecular weight distribution of the resulting
polyalphaolefin may be achieved, thereby improving the solubility of the resulting polyalphaolefin
drag reducing agent. '

SUMMARY OF INVENTION

In a broad aspect, this invention relates to polyalphaolefin drag reducing agents (DRAs)
useful in decreasing the frictional energy losses of materials flowing through conduits such as
pipelines. As used herein, the terms “polyalphaolefin drag reducing agent” and “drag reducing
agent™ refers to the finished product, a composition that may include the entire polymerization
mixture, which may advantageously be introduced directly in a pipeline or other conduit for reducing
drag. As used herein, the term “polyalphaolefin™ or “polyalphaolefins™ refers to the polymer
material formed by the polymerization of alphaolefin monomers. In another aspect, the
polyalphaolefin drag reducing agents are formed by the polymerization of alphaolefin monomers.
In another aspect, the polyalphaolefin drag reducing agents are introduced into a conduit to reduce
drag. The polymerization of the alphaolefin monomers is conducted in the presence of a viscosity
reducing agent. The viscosity reducing agent may be added as an initial raw ingredient or as an
additive at any time during the polymerization process. Preferably, the viscosity reducing agent is
added to the polymerization reaction mixture at the same time alphaolefin monomers are added.
Altematively, in a two-stage process, the viscosity reducing agent is added to the second stage while
polymerization is continuing, €.g., in the absence of “‘catalyst killers” or any other polymerization-
terminating ingredient. Preferably, the viscosity reducing agent is present in an amount sufficient
to reduce the viscosity of the polymerization reaction mixture.

The viscosity reducing agent preferably includes a substantially hydrophobic dispersant such
as polyacrylic acid. As used herein, the term “substantially hydrophobic™ means substantially
incapable of dissolving in water. Other useful dispersants include, alone or in combination,
copolymers of polyacrylic acid; polymethacrylic acid; copolymers of polymethacrylic acid;
polyethylene; copolymers of polyethylene; polynonylphenol and/or polybutylphenol, including
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copolymers of polynonjilphenol and polybutylphenol, in combination with ethylene oxide and/or
propylene oxide; polymers and copolymers of petroleum sulfonates; and compounds containing
ethylene glycol monobutyl ether. The dispersant is preferably mixed with an aromatic based solvent
such as heavy aromatic naphtha, xylene, toluene, benzene and derivatives of heavy aromatic naphtha,
xylene, toluene and benzene. The process may be a batch process. although it is contemplated that
the process may also be continuous. The process may be performed in a single stage or multiple
stages.

In another aspect of the invention, the alphaolefin monomers that are to be polymerized in
the presence of the viscosity reducing agent are polymerized in the presence of a metallocene catalyst
and a cocatalyst and in the presence of a hydrocarbon solvent. However, it is contemplated that other
catalysts may be used, such as conventional Ziegler-Natta catalysts. The polymerization is
conducted under conditions such that the polyalphaolefin has an inherent yiscosity of at least 10
deciliters per gram (dL/g). In a specific embodiment, the polyalphaolefin has an inherent viscosity
of at least from about 10-15 dL/g.

In still another aspect of the invention, localized “micelles” or droplets comprising high
molecular weight polyalphaolefin polymer are formed in micellar or droplet zones around the
catalyst particles during the polymerization of alphaolefin monomers. Advantageously, the visdosity
reducing agent that is present during polymerization reduces the viscosity of the reaction mixture
and disperses the localized micelles or droplets.

In yet another aspect of this invention, a metallocene catalyst slurry is prepared by mixing
the solid metallocene catalyst with a small amount of hydrocarbon solvent, such as olefin, and is
directed to a storage vessel. The catalyst slurry is then metered from the storage vessel into a first
reactor where it is mixed in desired proportions with the cocatalyst, the viscosity reducing agent and
the alphaolefins which are metered from a separate vessel or vessels. The polymerization is initiated
in the first reactor at an appropriate temperature and pressure. A second reactor may be provided
in which the polymerization is continued and from which the polyalphaolefin drag reducing agent
may be recovered. In one aspect, materials, including the catalyst slurry, the viscosity reducing
agent, hydrocarbon solvent, unreacted alphaolefins, oligomers and formed polymer may be
continuously pumped from the first reactor into the second reactor where the molecular weight of
the formed polymer product may be increased while fresh reactants may be added to the first reactor

as the material is pumped into the second reactor.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a flow diagram of a single-stage batch process of the invention.
FIG. 2 is a flow diagram of a single-stage continuous process of the invention.

FIG. 3 is a flow diagram of a two-stage continuous process of the invention.

DETAILED DESCRIPTION OF THE INVENTION

As discussed above, this invention relates to polyalphaolefin drag reducing agents and a
process of forming polyalphaolefins that form part of the DRAs. In one broad aspect, this invention
is directed to a process for forming a polyalphaolefin drag reducing agent by the polymerization of
alphaolefin monomers in the presence of a hydrocarbon solvent and catalyst. The polyalphaolefin
produced through the polymerization of the alphaolefin monomers are of high molecular weight,
preferably having an inherent viscosity of at least 10 deciliters per gram (dL/g). In a specific
embodiment. the polyalphaolefin has an inherent viscosity of at least 10 dL/g.

At a selected point during the polymerization reaction, a viscosity reducing agent is
introduced. The viscosity reducing agent may be added with reactants prior to the polymerization
or at any point during the polymerization reaction. The viscosity reducing agent includes a
substantially hydrophobic dispersant. 1f an aromatic solvent is not initially included as a portion of
the hydrocarbon solvent, the viscosity reducing agent preferably includes an aromatic solvent.

In another aspect of the invention, during the process of polymerization, a portion of the
alphaolefin monomers polymerize to form localized micelles of high molecular weight
polyaiphaolefin polymer in micellar zones around the catalyst particles. The “micelles” as referred
to herein are droplets of high molecular weight polymer. The viscosity reducing agent, preferably
present in an amount sufficient to reduce the viscosity of the reaction mixture, disperses the localized
micelles of high molecular weight polyalphaolefin polymer. It is contemplated that this dispersion
provides for improved contact between unreacted monomer and/or low molecular weight polymer
material (i.e., oligomers) and the catalyst polymerizing the unreacted monomer and low molecular
weight polymer to form high molecular weight polyaiphaolefin polymer. In a preferred aspect, it is
contemplated that such improved contact results in a polymer having higher molecular weight and/or
a more uniform molecular weight distribution. Additionally, it is contemplated that such improved
contact results in a finished product having a higher weight percent of completed polymer.

In another aspect, this invention is directed to a high molecular weight polyalphaolefin drag
reducing agent formed by a process wherein a substantially hydrophobic dispersant is added during
the polymerization reaction. The polyalphaolefin drag reducing agent includes a high molecular
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weight polyalphaolefin thét preferably has an inherent viscosity of at least 10 deciliters per gram and
a more uniform molecular weight distribution and increased solubility.

The alphaolefin monomers which can be polymerized in this invention include 'any
alphaolefins that are capable, upon polymerization, of accomplishing a desired drag reducing effect.
However, generaily, the alphaolefins are those having 2 to 20 carbon atoms. Preferred alphaolefins
that can be polymerized by the process of the present invention include ethylene. propylene, 1-
butene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene and l-tetradodecene;
conjugated or unconjugated dienes such as butadiene and 1, 4-hexadiene; aromatic vinyls such as
styrene; and cyclic olefins such as cyclobutene. A mixture of two or more of these olefins may be
polymerized. The preferred alphaolefin monomers of this invention are 1-hexene through 1-
tetradecene.

The polymerization may be conducted through any of the processes of liquid phase
polymerization, gas phase polymerization, bulk polymerization, suspension polymerization and
emulsion polymerization. The polymerization process can be employed practicing batch or
continuous techniques and may be in one or more stages.

Liquid phase polymerization is preferred. The hydrocarbon solvent for the liquid phase
polymerization includes aliphatic hydrocarbons such as pentane, hexane, heptane. octane, nonane
and decane; alicyclic hydrocarbons such as cyclohexane; and aromatic hydrocarbons such as
benzene, toluene. Xylene and heavy aromatic naphtha.

The catalysts of the present invention include any catalysts that are capable of
polymerization, including liquid catalyst such as titanium tetrachloride. Preferably. Ziegler-Natta
and metallocene catalysts are employed in the invention. For more details on traditional
Ziegler-Natta catalysts, see for example, U.S. Patent 5,442,019, the disclosure of which is
incorporated by reference to the extent not inconsistent with the practicing of the present invention,
A more preferred catalyst is a metallocene catalyst. Suitable metallocene catalysts that may be
employed include any metallocene compounds known in the art. One advantage of metallocene
catalyst is that, unlike Ziegler-Natta catalysts, its activity is not inhibited if a dispersant (further
described below) containing oxygen is used. Examples of suitable metallocene compounds, their
preparation, suitable cocatalysts, and their use in polymerization processes are described in U.S.
Patent Nos. 5,442,019 and 5,416,179, the disclosures of which are herein incorporated by reference,
to the extent not inconsistent with the practicing of the present invention. It is further contemplated
that the metallocene catalyst may be supported on support materials known in the art, for example,

inorganic oxides, such as silica, alumina or magnesia, or polymeric materials, such as polyethylene.
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The concentration of the metallocene catalyst of the present invention is preferably in the range of
at least about 1 to 2000 moles olefin per mole of catalyst and higher, more preferably from about 10
to 1000 moles olefin per mole of catalyst.

The polymerization temperature is not critical and is normally in the range of from about
-70°C to about 230°C. The pressure of the reaction mixture is also not critical, and usually is in the
range of from about atmospheric pressure to about 1500 psig.

The viscosity reducing agent includes a hydrophobic dispersant. During polymerization,
alphaolefin monomers polymerize to form localized micelles of high molecular weight
polyalphaolefin in micellar zones around the catalyst particles. It is contemplated that the monomer
material in contact with the catalyst polymerizes to form polymer of higher molecular weight more
rapidly than the monomer material that is not in contact with the catalyst. The higher molecular
weight polymer is of higher viscosity than the surrounding monomer and polymer material. further
limiting the polymerization of the surrounding material. Consequently, there can be a large variation
in the molecular weight distribution of the finished polyalphaolefin material. Accordingly, it is
contemplated that the viscosity reducing agent of the present invention, which includes a
substantially hydrophobic dispersant and is added prior to and/or during polymerization, reduces the
viscosity of the reaction mixture and disperses the localized micelles of high molecular weight
polymer, thus improving the tendency for the catalyst to contact unreacted monomer and low
molecular weight polymer material. Preferably, the dispersants of this invention do not substantially
impair the polymerization process. The viscosity reducing agent may be introduced prior to and/or
during polymerization in any manner that provides reduction in the viscosity of the reaction mixture
and disperses the Iocalizéd micelles of high molecular weight polymer. Consequently, as another
important feature of this invention, through the addition of the viscosity reducing agent prior to
and/or during the process of polymerization, the molecular weight distribution of the polyalphaolefin
may be controlled to achieve a more uniform molecular weight distribution. Advantageously, by
controlling the molecular weight distribution, solubility of the resulting polyalphaolefin drag
reducing agent may be improved. It is contemplated that by varying the concentration of the
dispersant, the molecular weight of the polyalphaolefin may be controlled. It is further contemplated
that a preferred concentration of the dispersant is from about 0.5 ppm to about 50,000 ppm of the
polymerization mixture.

Preferred dispersants are polymers and copolymers of acrylates and methacrylates; polymers
and copolymers of ethylene; polymers and copolymers produced from the polymerization of

nonylphenol and butylphenol in combination with ethylene oxide and/or propylene oxide;
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compounds or blends of compounds containing petroleum sulfanates: and compounds containing
ethylene glycol monobutyl ether (butyl “Cellosolve™). Most preferably, the polymers and
copolymers of the acrylates and methacrylates are utilized as the dispersant.

As another feature of this invention, the viscosity reducing agent may also include an
aromatic solvent. Preferred aromatic solvents are xylene, toluene, benzene and heavy aromatic
naphtha. In a preferred embodiment, the aromatic solvent is from about 85 to 95 weight percent of
the viscosity reducing agent and the dispersant is from about 5 to 15 weight percent. More
preferably, the aromatic solvent is from about 88 to 93 weight percent of the viscosity reducing agent
and the dispersant is from about 7 to 12 weight percent, and most preferably the aromatic solvent
is about 90 weight percent of the viscosity reducing agent and the dispersant is about 10 weight

_percent.

The polyalphaolefins of this invention are of high molecular weight. In general, these
polyalphaolefins will have an inherent viscosity of at least 10 deciliters per gram (dL/g). The
inherent viscosity of the ﬁolyalphaoleﬂns is determined by a Cannon-Ubbelohde four bulb shear
dilution viscometer (0.1 g polymer/100 ml toluene at 25°C). Inherent viscosities are calculated for
each of the four bulbs. The viscosities are then plotted as a function of shear rate. The plot is then
used to determine the inherent viscosity at a shear rate of 300 sec-1.

Referring now to Fig. 1, in a specific embodiment, polyalphaolefin drag reducing agents are
prepared in a batch polymerization system. The apparatus includes a catalyst preparation tank 10
and a batch reaction vessel 20, The catalyst preparation tank 10 includes a first inlet 11 for receiving
catalyst and a second inlet 15 for receiving hydrocarbon solvent or alphaolefin, or a combination
thereof. An appropriate mixing or agitation device 17 mixes the catalyst material with the
hydrocarbon solvent, alphaolefin, or combination thereof to form a catalyst slurry 18. The catalyst
preparation tank 10 has an outlet 16 in communication with a first inlet 21 of the batch reaction
vessel 20. Valves, pumps and other devices (not shown) may be interposed before the catalyst
preparation tank and between the catalyst preparation tank 10 and batch reaction vessel 20 as
necessary. The batch reaction vessel 20 has a second inlet 22 for introduction of alphaolefin material
to be polymerized. The batch reaction vessel 20 also has a third inlet 23 for the introduction of co-
catalyst, a fourth inlet 24 for the introduction of the viscosity reducing agent that includes the
substantially hydrophobic dispersant, and a fifth inlet 25 for the introduction of hydrocarbon solvent.
Aromatic solvent may also be introduced through inlet 24 or, alternatively, may be introduced
separately through inlet 25. The batch reaction vessel 20 also includes an appropriate mixing or
agitation device 19. In one embodiment the catalyst slurry 18, prepared in the catalyst preparation
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tank 10, is introduced to the batch reaction vessel 20 through inlet 21 of the batch reaction vessel 20
and is mixed in desired proportions with co-catalyst, the viscosity reducing agent and alphaolefin
material which are metered into the batch reaction vessel 20 through inlets 23, 24 and 22
respectively. Polymerization is initiated at appropriate temperatures and pressures. Alternatively,
polymerization may be initiated at appropriate temperatures and pressures prior to the introduction
of the viscosity reducing agent, the viscosity reducing agent thereafter being introduced during
polymerization. Polymerization may be terminated naturally when all the monomer in the reactor
is consumed or alternatively, by introducing a deactivator. The polyalphaolefin drag reducing agent
material formed by the process of polymerization may be withdrawn from the batch reaction tank
20 through inlet 26. Valves, pumps and other devices (not shown) may be interposed as necessary
to remove the entire mixture, including formed polyalpbaolefin. from the batch reaction
polymerization vessel.

In accordance with another embodiment of this invention. shown in Fig. 2, a catalyst slurry

180 that includes metallocene catalyst may be prepared in a catalyst preparation and storage vessel

"~ 100 by mixing the metallocene catalyst introduced through inlet 110 with an alphaolefin or

hydrocarbon solvent or combination thereof introduced through inlet 150 to form a catalyst slurry.
The catalyst preparation and storage vessel may include a mixing or agitation device 170 as
necessary. The catalyst preparation and storage vessel has outlet 160 in communication with a first
inlet 210 of a first reactor 200. The catalyst slurry 180 may be continuously metered from the
catalyst preparation and storage vessel 100 through outlet 160 in communication with first inlet 210
of a first reactor 200 into the first reactor 200 whereby the catalyst slurry 180 is mixed in desired
proportions with a cocatalyst introduced through second inlet 230 alphaolefin monomers introduced
through third inlet 220 and hydrocarbon solvent introduced through fourth inlet 235, which are
continuously metered from other sources not shown. Polymerization is initiated in the first reactor
200 at appropriate temperatures and pressures. First reactor 200 includes an appropriate mixing or
agitation device 270 and an outlet 250 for removal of polyalphaolefin and the other materials in the
reactor 200. The viscosity reducing agent, which includes a substantially hydrophobic dispersant,
may also be metered from a separate’source into the first reactor 200 through a fifth inlet 240 prior
to commencing the polymerization reaction. Additionally, or alternatively, the viscosity reducing
agent may be metered into the first reactor 200 through fifth inlet 240 during polymerization.
Additional reactors may also be provided in which polymerization continues and from which high
molecular weight polyalphaolefin drag reducing agent product may be recovered.
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In another embodiment, referring to Figure 3, a second reactor 300 is provided in which the
materials of the first reactor 200 (also shown in Figure 2), including catalyst slurry, hydrocarbon '
solvent, unreacted alphaolefin, oligomers and polyalphaolefin may be pumped continuously from
outlet 250 of the first reactor by pump 260 into the second reactor 300 through inlet 310, where the
molecular weight of the polyalphaolefin drag reducing agent polymer is further increased.
Additionally, viscosity reducing agent may also be metered into the second reactor (not shown).
Second reactor 300 includes an appropriate mixing or agitation device 370 and outlet 380 for
removal of the DRA product which includes polyalphaolefin and the other remaining materials in
second reactor 300. Removal of the polyalphaolefin and other remaining materials in reactor 300
may be accomplished by pump 390. Valves, pumps and other devices (not shown) may be
interposed as necessary. As another feature of this invention, fresh reactant hay be added to the first
reactor 200 as material is being pumped from the first reactor 200 to the second reactor 300. The
reaction may be terminated by introducing a deactivator (not shown) or, alternatively, the reaction
may terminate naturally when all the monomer in the reactors are consumed. As an additional option
and additional feature of the invention, the reaction may be continued by forwarding the formed
polyalphaolefin and other remaining materials to a pressurized storage vessel (not shown) where the
molecular weight of the formed polyalphaolefin may yet be further increased. The polyalphaolefin
drag reducing agent may be introduced into a conduit to reduce frictional energy. losses of the
material flowing through the conduit.

It is to be understood that the invention is not limited or restricted to the specific
embodiments described herein, which are intended to assist a person skilled in the art in practicing
the invention. Although the invention is preferably directed to the formation or recovery of
polyalphaolefin drag reducing agents, it is not necessarily limited to such applications. The
invention may also be used to control the molecular weight distribution of the high molecular weight
polyalphaolefins, allowing more durable or more potent molecules to be produced as desired.
Additionally, various components may be configured or connected in a variety of ways to carry out
the process of the invention. Accordingly, the scope of the invention should be determined based

on the claims below, including any equivalents thereof.
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CLAIMS

WHAT IS CLAIMED:

A process for forming a polyalphaolefin drag reducing agent, comprising:

contacting alpha olefin monomers with catalyst particles in a polymerization mixture
comprising a hydrocarbon solvent; and

polymerizing said alpha olefin monomers to provide a polyalphaolefin having
an inherent viscosity of at least 10 deciliters per gram; wherein

during said polymerization at least a portion of said alpha olefin monomers
polymerize in said polymerization mixture to form localized micelles comprising high
molecular weight polyalphaolefin polymer in micellar zones around said catalyst patticles;
and

said polymerization is conducted in the presence of a viscosity reducing agent
comprising a substantially hydrophobic dispersant, said viscosity reducing agent being
present in an amount sufficient to reduce the viscosity of the reaction mixture and dfsperse

said localized micelles.

2. The process of claim 1 in which the catalyst particles comprise metaliocene.

3. The process of claim 1 in which the viscosity reducing agent additionally comprises an
aromatic solvent.

4, The process of claim 3 in which the aromatic solvent comprises a substance selected from

the group consisting of xylene, toluene, benzene, a heavy aromatic naphtha, and derivatives of

xylene, toluene, benzene, and heavy aromatic naphtha.

6.

The process of claim 1 in which the hydrocarbon solvent comprises an aromatic solvent.

The process of claim 1 in which the dispersant occupies from about 0.5 ppm to about 50,000

ppm of the polymerization mixture.

10



* c L M S *

-

O 0 N W AW N -

b ek b pmk ped
HOW N e D

WO 97/34937 PCT/US97/04325

7. The process of claim 3 in which the viscosity reducing agent comprises from about 5 to 15

weight percent dispersant and from about 85 to 95 weight percent aromatic solvent.

8. The process of claim 3 in which the viscosity reducing agent comprises from about 7 to 12

weight percent dispersant and from about 88 to 93 weight percent aromatic solvent.

9, The process of claim 3 in which the viscosity reducing agent comprises more than about 10

weight percent dispersant and less than about 90 weight percent aromatic solvent.

10.  The process of claim 1 in which the substantially hydrophobic dispersant comprises
polyacrylic acid or polymethacrylic acid.

11.  The process of claim 1 in which the substantially hydrophobic dispersant comprises, alone
or in combination, ethylene glycol monobutyl ether; a copolymer formed by the copolymerization
of a first comonomer and a second comonomer, the first comonomer comprising acrylic acid; a
copolymer formed by the copolymerization of a first comonomer and a second comonomer, the first
comonomer comprising methacrylic acid; polyethylene; a copolymer formed by the copolymerization
of a first comonomer and a second comonomer, the first comonomer comprising ethylene; a polymer
produced from the polymerization of petroleum sulfonate; a copolymer formed by the
copolymerization of a first comonomer and a second comonomer, the first comonomer comprising
petroleum sulfonate; a first substance, comprising a polymer selected from the group consisting of
polynonylphenol and polybutylphenol, and a second substance selected from the group of ethylene
oxide and propylene oxide; a first substance comprising a copolymer formed by the
copolymerization of a first comonomer and a second comonomer, the first comonomer comprising
nonylphenol and the second comonomer comprising butyphenol, and a second substance selected

from the group of ethylene oxide and propylene oxide.

12.  The process of claim 1 in which the hydrocarbon solvent comprises xylene, toluene, benzene
or naphtha.

13.  The process of claim ! in which the hydrocarbon solvent comprises a heavy aromatic
naphtha.

11
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14.

15.

16.

A process for reducing drag in a conduit, comprising:

contacting alpha olefin monomers with catalyst particles in a polymerization mixture
comprising a hydrocarbon solvent;

polymerizing said alpha olefin monomers to provide a polyalphaolefin having
an inherent viscosity of at least 10 deciliters per gram;

recovering a polyalphaolefin drag reducing agent comprising the polyalphaolefin ;
wherein

during said polymerization at least a portion of said alpha olefin monomers
polymerize in said polymerization mixture to form localized micelles comprising high
molecular weight polyalphaolefin polymer in micellar zones around said catalyst particies;
and

said polymerization is conducted in the presence of a viscosity reducing agent
comprising a substantially hydrophobic dispersant, said viscosity reducing agent being
present in an amount sufficient to reduce the viscosity of the reaction mixture and disperse
said localized micelles; and |

introducing said polyalphaolefin drag reducing agent into said conduit.

A process for forming a polyalphaolefin drag reducing agent, comprising:

contacting alpha olefin monomers with catalyst particles in a polymerization mixture
comprising a hydrocarbon solvent; and

polymerizing said alpha olefin monomers to provide a polyalphaolefin having
an jnherent viscosity of at least 10 deciliters per gram; wherein

said polymerization is conducted in the presence of a viscosity reducing agent
comprising a substantially hydrophobic dispersant.

A process for recovering a polyalphaolefin drag reducing agent, comprising:

contacting in a first reactor alphaolefin monomers with catalyst particles in a
polymerization mixture comprising a hydrocarbon solvent;

polymerizing at least a portion of said alpha olefin monomers to form
polyaiphaolefins;

passing at least a portion of the polyalphaolefins, alphaolefin monomers, and catalyst
particles to a second reactor;

continuing in said second reactor the polymerization of alphaolefins; and

12
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9 polymerizing at least a portion of the polyalphaolefins passed to the second reactor
10 to form polyalphaolefins having an inherent viscosity of at least 10 deciliters per gram;
11 wherein
12 during said polymerization at least a portion of said alpha olefin monomers
13 polymerize to form localized micelles comprising high molecular weight polyalphaolefin
14 polymer in micellar zones around said catalyst particies; and
15 said polymerization is conducted in the presence of a viscosity reducing agent
16 comprising a substantially hydrophobic dispersant, said viscosity reducing agent being
17 present in an amount sufficient to reduce the viscosity of the reaction mixture and disperse
18 said localized micelles.

17. A dragreducing agent composition comprising a polyalphaolefin having an inherent viscosity
2 of at least 10 deciliters per gram polymerized in 2 polymerization mixture and a substantially

3 hydrophobic dispersant introduced to the polymerization mixture during polymerization.
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