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PROCESS FOR POLYMERIZING MONOMERS IN FLUIDIZED BEDS

FIELD OF THE INVENTION h

The present invention relates to a process for the gas phase polymerization
5 of olefins in the presence of a metallocene catalyst in fluidized bed reactors. The
present invention allows for substantial savings in energy and capital cost by
significantly increasing the polymer production rate capacity of a given sized
reactor.

10

BACKGROUND OF THE INVENTION

The discovery of the process for the production of polymers in fluidized
beds has provided a means for the production of a diverse array ot polymers.
Using a gas fluidized bed polymerization process substantially reduces the energy
requirements as compared to other processes and most importantly reduces the

15  capital investment required to run such a process to produce polymers.

Gas fluidized bed polymerization plants generally employ a continuous
cycle. In one part of the cycle, in a reactor a cycling gas stream 1s heated by the
heat of polymerization. This heat is removed in another part of the cycle by a
cooling system external to the reactor.

20 Generally in a gas fluidized bed process for producing polymers from
alpha-olefin monomers a gaseous stream containing one or more monomers 18
continuously passed through a fluidized bed under reactive conditions 1n the
presence of a catalyst. This gaseous stream is withdrawn from the fluidized bed
and recycled back into the reactor. Simultaneously, polymer product is withdrawn

25 from the reactor and new monomer is added to replace the reacted monomer.

It is important to remove heat generated by the reaction in order to
maintain the temperature of the gaseous stream 1nside the reactor at a temperature
below the polymer and catalyst degradation temperatures. Further, it 1s important
to prevent agglomeration or formation of chunks of polymer that cannot be

30  removed as product. This is accomplished through control of the temperature of
the gaseous stream in the reaction bed to a temperature below the fusion or
sticking temperature of the polymer particles produced during the polymerization
reaction. Thus, it is understood that the amount of polymer produced in a tluidized
bed polymerization process is related to the amount of heat that can be withdrawn

35 from a reaction zone in a fluidized bed within the reactor.
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Conventionally, heat has been removed from the gaseous recycle stream by
cooling the stream outside the reactor. A requirement of a fluidized bed process is
that the velocity of the gaseous recycle stream be sufficient to maintain the
tlmidized bed 1n a fluidized state. In a conventional fluidized bed reactor, the
amount of fluid circulated to remove the heat of polymerization is greater than the
amount of fluid required for support of the fluidized bed and for adequate mixing
of the solids in the fluidized bed. However, to prevent excessive entrainment of
solids 1n a gaseous stream withdrawn from the fluidized bed, the velocity of the
gaseous stream must be regulated. Also, 1n a steady state fluidized bed
polymerization process wherein the heat generated by the polymerization reaction
1s substantially proportional to the rate of polymer production, the heat generated
1s equal to the heat absorbed by the gaseous stream and lost by other means such
that the bed temperature remains constant.

For a time, 1t was thought that the temperature of the gaseous stream
external to the reactor otherwise known as the recycle stream temperature could
not be decreased below the dew point of the recycle stream. The dew point of the
recycle stream 1s that temperature at which liquid condensate begins to form in the
gaseous recycle stream. It was believed that introducing a liquid into a gas phase
recycle stream in a fluidized bed polymerization process would inevitably result in
plugging of the recycle stream lines, the heat exchanger, the area below the
fluidized bed or the gas distributor plate. As a consequence of operating at a
temperature above the dew point of the recycle stream to avoid the problems
associated with iquid being 1n the gaseous recycle stream, production rates in
commercial reactors could not be significantly increased without enlarging reactor
diameters.

In the past there was concern that excessive amounts of liquid in the
recycle stream would disrupt the fluidization process to the extent that the
fluidized bed would collapse resulting in the sintering of solid polymer particles
into a solid mass causing the reactor to shut down. This widely held belief to avoid
liquid 1n the recycle stream can be seen from the following: U.S. Patent Nos.
3,922,322, 4,035,560, 4,359,561 and 5,028,670 and European Patent Application
Nos. 0 050 477 and 0 100 879.

Contrary to this belief, it has been demonstrated, as disclosed by Jenkins,
III, et al. in U.S. Patent No. 4,543,399 and related U.S. Patent No. 4,588,790 that
a recycle stream can be cooled to a temperature below the dew point 1n a fluidized
bed polymerization process resulting in condensing a portion of the recycle stream.



& Ay ¥

10

15

20

23

30

35

CA 02198144 2002-02-11

The resulting stream containing entrained liquid 1s then returned to the
reactor without the aforementioned agglomeration and/or plugging phenomena
believed to occur when a liquid is introduced into a fluidized bed polymerization
process. This process of purposefully introducing a liquid 1nto a recycle stream or
reactor is known in the industry as a "condensed mode” operation of a gas phase
polymerizaton process.

The above-mentioned U.S. patents to Jenkins, III, et al. disclose that when
a recycle stream temperature 1s lowered to a point below its dew point in
"condensed mode” operation, an increase in polymer production 1s possible, as
compared to production in a non-condensing mode because of increased cooling
capacity. Also. Jenkins, III. et al. found that a substantial increase 1n space time
yield, the amount of polymer production in a given reactor volume, can be
achieved by operating in "condensed mode" with littie or no change 1 product
properues.

The liquid phase of the two-phase gas/liquid recycle stream mixture in
"condensed mode” remains entrained or suspended in the gas phase of the mixture.
The cooling of the recycle stream to produce this two-phase mixture results in a
liquid/vapor equilibrium. Vaporization of the liquid occurs only when heat 1s
added or pressure is reduced. The increase in space time yields achieved by
Jenkins, II1, et al. are the result of this increased cooling capacity of the recycle
stream which, in turn. is due both to the greater temperature differennal between
the entering recycle stream and the fluidized bed temperature and to the
vaporization of condensed liquid entrained in the recycle stream.

Jenkins, et al. illustrate the difficulty and complexity of control in general
and of trying to extend the stable operating zone to optimize the space time yield in
a gas phase reactor.

In Jenkins, et al. the recycle gas is cooled and added to the reactor at a
temperature below the dew point so that condensed fluids evaporate inside the
reactor. The cooling capacity of the recycle gas can be increased further while at a
given temperature of the cooling heat transfer medium. One option described is to
add non-polymerizing materials (isopentane) to increase the dew point. Because of
greater cooling more heat can be removed and therefore higher space ame yields
are said to be possible. Jenkins, et al. recommends not exceeding 20 weight
percent. preferably 2 to 12 weight percent, of condensed liquid in the recycle gas.
Some of the potential hazards disclosed include the formation of "mud”,
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maintaining a sufficiently high recycle gas speed or avoiding accumulation of liquid
on a distributor plate. Jenkins, et al. 1s silent on where upper hmaits for non-
polymerizable or polymenzable condensable matenials lie and the question of how
to optimize the space time yield using condensed mode.

A gas fluidized bed reactor may be controlled to give the desired melt index
and density for the polymer at an optmum production. Great care 1s generally
taken to avoid conditions which can lead to formation of chunks or sheets or, in a
worse case, an unstable flmdized bed which collapses, or causes polymer particles
to fuse together. The control of a fluidized bed therefore has to be exercised to
reduce chunking and sheeting and to prevent bed collapse or a need to terminate
the reacdon and shut down the reactor. This is the reason why commercial scale
reactors are designed to operate well within proven stable operating zones, and
why the reactors are used in a carefully circumscribed fashion.

Even within the constraints of conventional, safe operation, control 1s
complex adding further to the difficulty and uncertainty of experimentation if one
wishes to find new and improved operating conditions.

There are target values, determined by the polymer and the catalyst, for the
operating temperature, the ratio of comonomer(s) to monomer and the ratio of
hydrogen to monomer. The reactor and cooling system are contained within
pressure vessels. Their contents are monitored, without unduly interfering with
fluidization by measuring amongst others (1) the pressure at the top; (2) pressure
differendal at various heights along the bed. (3) temperature upstream of the bed;
(4) temperature in the fluidized bed and temperature downstream of the bed as
well as (5) the gas composition and (6) gas flow rate. These measurements are
used to control the catalyst addition, the monomer partial pressure and velocity of
the recycle gas amongst others. Polymer removal is constrained in certain cases by
the settled bulk density (non-fluidized) or the fluidized bulk density depending on
plant design and these too must be watched as well as the ash level in the polymer.
The plant is a closed system. In operation changes in the process of one or more
of the measured values lead to consequential changes elsewhere. In the design of
plant the optimization of capacity depends on the most restricting element 1n the

overall design.
There is no generally accepted view as to what causes chunking or
sheeting. Obviously some fusing together of the polymer particles is involved,
possibly because of insufficient heat transfer caused by inadequate fluidization in
the fluidized bed. However, no clear correlations hiave thus far been found
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between individual settings and measurements and the occurrence of chunking and
sheeting. The endrety of the measured values and controls 1s used therefore
conventionally to stay within known, safe operating. areas for a given plant design.

Large scale gas phase plants are expensive and highly productive. Risks
associated with experimentation in such plants are high because downtme is
costly. Therefore it is difficult to explore design and operaung boundaries
experimentaily in view of the costs and risks.

It will be desirable to provide a2 method of determining a stable operating
condition for gas fluidized bed polymerizaton to facilitate opttmum design of the
plant and the determination of desirable process conditions in a given plant design.
It would also be desirable to provide a gas fluidized bed polymerization process
giving a maximum reactor productivity.

SUMMARY OF THE INVENTION

This invention helps to: determine stable operating zones
for a gas fluidized bed process and plant design; find criteria
for running a process safely with low risk of malfunction and at
the same time high reactor productivities; and/or avoid any
constriction in the overall plant capacity due to the reactor
productivity.

This invention relates to a process for polymerizing alpha-olefins in a gas
phase reactor at significantly higher production rates than herefore envisaged. The
invention is directed toward a process for polymerizing alpha-olefins mn the
presence of a metallocene catalyst in a gas phase reactor having a fluidized bed and
a fluidizing medium where the level of liquid in the fluidizing medium 1s greater
than 2 weight percent based on the total weight of the fluidizing medium.

The invention is also directed toward a process for polymerizing alpha-
olefins in the presence of a metallocene catalyst in a gas phase reactor having a
fluidized bed and a fluidizing medium such that the enthalpy change of the
fluidizing medium exiting and entering the reactor is greater than 35 Ba/lb,

preferably greater than 40 Bru/lb.
The invention further provides a process for polymerizing alpha-olefins in
the presence of a metallocene catalyst in a gas phase reactor at 2 production rate

greater than about 500 Ib/br-fi2.
This invendon in another embodiment relates to a method for determining

stable operating conditions of a gas phase fluidized bed polymerization reactor by
identifying a property useful to determine stability of a fluidized bed and
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controlling the composition of a fluidizing medium or recycle stream to establish a
range of values for the property to maintain the stable operating condition.

The invention in another embodiment 1s also directed toward a process for
controlling a gas phase fluidized bed polymenrization reactor by monitoring a
condition of the reactor indicative of an onset of a failure condition and controlling
the composition of a fluidizing medium or recycle stream in response to the onset
to avoid the occurrence of the failure condition. In a preterred embodiment a bulk
density function is monitored. This function 1s maintained equal to or preterably
above a value which depends on temperature, pressure, particle variables such as
size, solid density and settled bulk density, and gas variables such as composition
and velocity as defined later in this patent specification.

The invention still further provides in another embodiment a method of
determining stable operating conditions of a gas fluidized bed polymerization
reactor operating in condensed mode which comprises observing tluidized bulk
density changes in the reactor associated with changes in the composition of the
ﬂuidiziﬂg medium; and increasing the cooling capacity of the recycle stream
without exceeding the level at which a reduction 1n the fluidized bulk density
becomes irreversible. As a general rule a reduction 1n the bulk density function to
less than the minimum, or limit value as later defined 1n this patent specification
may involve risk of fluidized bed disruption and 1s to be avoided.

In another embodiment of the invention there 1s provided a gas fluidized
bed polymerization process for the polymerization ot polymer by passing a gaseous
stream comprising monomer through a fluidized bed reactor in the presence of a
metallocene catalyst under reactive conditions, to produce polymeric product and a
stream comprising unreacted monomer gases, compressing and cooling said
stream, mixing said stream with feed components and returning a gas phase and a
liquid phase to said reactor, the improvement which comprises cooling said stream
such that the liquid phase is greater than 2 percent, preterably greater than 15
percent, particularly greater than 20 percent, by weight of the total weight of the
returned stream and the stream composition 1s such that the bulk density function 1s
maintained above about a limit value as later described 1n this patent specification.

In one embodiment there 1s provided a process for polymerizing alpha-
olefin(s) in the presence of a metallocene catalyst in a gas phase reactor having a
fluidized bed and a fluidizing medium having a gas phase and a liquid phase
entering the reactor, said process comprising: a) controlling the cooling capacity
of said fluidizing medium by controlling the ratio of said gas phase to said liquid

AMENDED SHEET
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phase; b) calculating a bulk density function limit; ¢) maintaining or monitoring a
bulk density function (Z); and d) adjusting the bulk density function (Z) to
maintain the bulk density function (Z) at a value greater than or equal to the
calculated bulk density function limait.

In an embodiment of the invention there 1s provided, a continuous process
for polymerizing alpha-olefin(s) in the presence of a metallocene catalyst 1n a gas
phase reactor having a fluidized bed and a fluidizing medium having a gas phase
and a liquid phase entering the reactor, said process comprising: a) controlling the
cooling capacity of said fluidizing medium by controlling the ratio of said gas
phase to said liquid phase; and b) maintaining a bulk density function (Z) at a value
greater than or equal to the calculated limit of the bulk density function.

In yet another embodiment of the invention there 1s provided a continuous
process for increasing reactor productivity of a gas phase polymerization reactor
having a fluidizing medium and fluidized bed, said process comprising passing a
gaseous stream comprising monomer through a reaction zone in the presence of a
metallocene catalyst to produce a polymeric product, withdrawing said polymeric
product, withdrawing said fluidizing medium comprising unreacted monomer from
said reaction zone, mixing said fluidizing medium with hydrocarbon and
polymerizable monomer(s) to form a liquid and a gas phase, and recycling said
fluidizing medium to said reactor, the process comprising: a) introducing said
hydrocarbon 1nto said fluidizing medium to permit an increase in the cooling
capacity of the fluidizing medium above at least 40 Btu/lb; b) increasing the rate
of withdrawal of polymer product to above at least 500 Ib/hr-ft2; c) calculating a
bulk density function limit; and d) maintaining a bulk density tfunction (Z) value
greater than or equal to the calculated limit ot the bulk density function.

BRIEF DESCRIPTION OF THE DRAWINGS

AMENDED SHEET
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The foregoing features and advantages of this invention will
become clearer and more fully understood when the following
detailed description i1s read in conjunction with the accompanying

drawings, 1n which:
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FIGURE 1 1s a schematc illustration of the preferred embodiment of the
reactor used in the practice of the improved gas fluidized bed polymenzation
process for the producton of polymers of this present inventon.

DETAILED DESCRIPTION OF THE INVENTION

In the descnniption which follows, like parts are indicated throughout the
specification and drawing with the same reference numerals, respectively. The
drawing is not necessarily to scale, and certain parts have been exaggerated to
better illustrate the improved process of this invention.

This invention is not limited to any partcular type or kind of
polymerization or copolymerization reaction but is particularly well suited to the

polymerization reactions involving the polymerization of one or more of the
monomers, for example olefin monomers of ethylene, propylene. butene-1,
pentene-1, 4-methylpentene-1, hexene-1, octene-1 and styrene. Other monomers
can include polar vinyl, conjugated and non-conjugated dienes, acetylene and
aldehyde monomers.

The catalysts employed in the improved process can include a metallocene
component including single or multiple cyclopentadienyl components reacted with
either a metal alkyl or alkoxy component or an ionic compound component. These
catalysts can include partiaily and fully activated precursor compositons. those
catalysts modified by prepolymerization or encapsulation and those catalysts
supported on a carrier.

Although, as previously stated, this present invention is not limited to any
specific type of polymerization reaction, the following discussion of the operaton
of the improved process is directed to the gas phase polymerization of the olefin-
type monomers, for example polyethylene, where this present invention has been
found to be particularly advantageous. A significant increase in the reactor
productivity is possible without an adverse effect on the product quality or

propertes.

To achieve higher cooling capacities, and hence higher reactor productivity
it may be desirable to raise the dew point of the recycle stream to permit a larger
increase in the heat to be removed from the fluidized bed. For the purposes of this
application, the terms "recycle stream” and "fluidizing medium” are

P
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interchangeable. The dew point of the recycle stream can be increased by
increasing the operating pressure of the reaction/recycle system and/or increasing
the percentage of condensable fluids and decreasing the percentage of non-
condensable gases in the recycle stream in the manner disclosed by Jenkins. et al.
U.S. Patent Nos. 4,588.790 and 4,543,399. The condensable fluid may be inert to
the catalyst, reactants and the polymer product produced; it may also include
comonomers. The condensable fluid can be introduced into the reaction/recycle
system at any point in the system, as will be later illustrated from FIGURE 1. For
the purposes of this patent application the term condensable fluids mclude
saturated or unsaturated hydrocarbons. Examples of suitable inert condensable
fluids are readily volatile liquid hydrocarbons, which may be selected from
saturated hydrocarbons containing from 2 to 8 carbon atoms. Some suitable
saturated hydrocarbons are propane, n-butane, isobutane, n-pentane, 1sopentane,
neopentane, n-hexane, isohexane, and other saturated C¢ hydrocarbons, n-heptane,
n-octane and other saturated C7 and Cg hydrocarbons or mixtures thereof. The
preferred inert condensable hydrocarbons are C4 and Cg saturated hydrocarbons.
The condensable fluids may also include polymerizable condensable comonomers
such as olefins, alpha-olefins, diolefins, diolefins containing at least one alpha-
olefin or mixtures thereof including some of the aforementioned monomers which
may be partially or entirely incorporated into the polymer product

In practicing the invention, the amount of gas in the recycle stream and the
velocity of the recycle stream should be maintained at levels sufficient to keep the
liquid phase of the mixture suspended in the gas phase until the recycle stream
enters the fluidized bed. so that liquid does not accumulate in the bottom head of
the reactor below the distributor plate. The velocity of the recycle stream must
also be high enough to support and mix the fluidized bed within the reactor. Itis
also desirable that the liquid entering the fluidized bed be dispersed and vaporized
quickly.

Controlling the composition, temperature, pressure and superficial velocity
of the gas in relation to the composition and physical characteristics of the polymer
is important in maintaining a viable fluidized bed. A viable fluidized bed ora stable
operating condition is defined as fluidized bed of parucles that are suspended and
well-mixed in a stable state under reactive conditions without the formation of
significant quantties of agglomerates (chunks or sheets) which would disrupt the
reactor or downstream process operations.
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In the one preferred embodiment more than 15 weight percent, preferably
greater than 20 weight percent, of the recycle stream may be condensed, or be in a
liquid phase without encountering disruption of the fluidizatuon process provided
that the safe operating boundaries of the stable operating zones determined with
the help of fluidized bed bulk density measurements are not exceeded.

During the polymerization process, a minor portion (typically less than
about 10 percent) of the gaseous stream flowing upward through the fluidized bed
reacts. The portion of the stream that does not react, i.e. the major portion, passes
into a region above the fluidized bed called the freeboard zone which may be a
velocity reduction zone. In the freeboard zone, the larger solid polymer particles
which are projected above the bed by eruption of gas bubbles through the surface
or entrained in the gas stream are allowed to fall back into the fluidized bed. The
smaller solid polymer particies. known in the industry as "fines”. are withdrawn
along with the recycle stream because their terminal settling velocities are lower
than the velocity of the recycle stream in the freeboard zone.

The process operating temperature is set or adjusted to a temperature
below the fusion or sticking temperature of polymer particles produced.
Maintaining this temperature is important to prevent the plugging of the reactor by
polymer chunks that grow rapidly if the temperature reaches high levels. These
chunks of polymer can become too large to be withdrawn from the reactor as a
polymer product and cause process and reactor failure. Also, chunks entering the
downsueam handling process of polymer product can disrupt, for example,
transfer systems. drying units or extruders. The walls of the reactor can be treated
in accordance with U.S. Patent No. 4,876, 320.

In one preferred embodiment of this invention, the entry point for the
recycle stream is preferably below the lowest point of the fluidized bed so as to
provide a uniform flow of the recycle stream throughout the reactor in order to
maintain the fluidized bed in a suspended condition and to ensure uniformity of the
recycle stream passing upwardly throughout the fluidized bed. In another
embodiment of the present invendon, the recycle stream can be divided into two or
more separate streams, one or more of which can be introduced directly into the
fluidized bed provided that the gas velocity below and throughout the fluidized bed
is sufficient to keep the bed suspended. For example, the recycle stream can be
divided into a liquid and a gas stream which can then be separately inroduced into

the reactor.
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In the practice of the improved process of this inventon, the recycle swream
comprising a mixture of a gas phase and a liquid phase within the reactor below the
distributor plate can be formed by separately injecting a liquid and a recycle gas
under conditions which will produce a stream comprising both phases.

The advantages of this invention are not limited to the production of
polyolefins. Thus, this invention can be practced in connection with any
exothermic reaction carried out in a gas fluidized bed. The advantages of a
process operating in condensed mode over other processes generally increase
directly with the nearness of the dew point temperature of the recycle steam to the
reaction temperature within the interior of the fluidized bed. For a given dew
point, advantages of the process may increase directly with the percentage of liquid

in the recycle stream returned to the reactor. The invention allows high
percentages of liquid to be used in the process.

A gas fluidized bed reactor which is particularly well suited to production
of polymers by the process of the present invention is best illustrated in the
accompanying drawing, generally designated in Figure 1 by numeral 10. It should
be noted that the reaction system depicted in Figure 1 is intended to be merely
exemplary. The prcScnt invention is well suited for any conventional fluidized bed

reaction systems.

Referring now to Figure 1, the reactor 10 comprises a reaction zone 12 and
a freeboard zone which in this instance is also a velocity reduction zone 14. The
height to diameter ratio of the reaction zone 12 can vary depending on the desired
production capacity and residence time. The reaction zone 12 includes a fluidized
bed comprising growing polymer particles, existing formed polymer particies and
small amounts of catalyst. The fluidized bed in the reaction zone 12 is supported
by a recycle stream or fluidizing medium 16 generally made up from feed and
recycle fluids. The recycle stream enters the reactor through a distributor plate 18
in the bottom section of the reactor which aids in the uniform fluidization and the
support of the fluidized bed in the reaction zone 12. In order to maintain the
fluidized bed of reaction zone 12 in a suspended and viable state, the superficial
gas velocity of the gas flow through the reactor generally exceeds the mmimum
flow required for fluidizatnon.

Polymer particles in the reaction zone 12 help to prevent the formaton of
localized "hot spots” and entrap and distribute catalyst particles throughout the
fluidized bed. On start up. the reactor 10 is charged with a base of polymer
particles before the recycle stream 16 flow is introduced. These polymer parucles
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are preferably the same as the new polymer particles to be produced, however, if
different, they are withdrawn with the newly formed first product after initiation of
recycle and catalyst flows and establishment of reaction. This mixture 1s generally
segregated from the later essentially new producton for alternate disposition. The
catalysts used in the improved process of this invention are usually sensitive to
oxygen, therefore. the catalyst is preferably stored in a catalyst reservoir 20 under a
blanket of a gas, inert to the stored catalyst. such as, but not limited to nitrogen or
argon.

Metallocene catalysts, for example, are typically those bulky ligand
transition metal compounds derivable from the formula:

[LlmMIAlg
where L is a bulky ligand: A is leaving group and or a ligand bonded to M and
capable of inserting an olefin between the M-A bond, M is a transition metal and m
and n are such that the total ligand valency corresponds to the transition metal
valency. Preferably the catalyst is four co-ordinate such that the compound is
ionizable to a 17 charge state.

Any two L and/or A ligands may be bridged to each other. The metallocene
compound may be full-sandwich compounds having two or more ligands L., which
may be cyclopentadienyl ligands. cyclopentadiene derived ligands or substituted
cyclopentadienyl ligands. or half-sandwich compounds having one ligand L, which
is a cyclopentadienyl ligand or heteroatom substituted cyclopentadienyl ligand or
hydrocarbyl substituted cyclopentadienyl ligand such as an indenyl ligand, a
benzindenyl ligand or a fluorenyl ligand and the like or any other ligand capable of
'r|5 bonding to a transition metal atom (M). One or more of these bulky ligandsis &
-bonded to the transition metal atom. Each L can be substituted with a combination
of substituents, which can be the same or different including hydrogen or a hinear,
branched or cyclic alkyl, alkenyl or aryl radicals for example. The metal atom (M)
may be a Group 4, 5 or 6 transition metal or a metal from the lanthanide and
actinide series, preferably the transition metal is of Group 4 particularly, titanium,
zirconium and hafnium in any formal oxidation state, preferably, +4. In one
embodiment, the transition metal is zirconium and the ring is a cyclopentadieny!
ring substituted by two or more alkyl radicals, preferably two different alkyl
radicals. Other ligands may be bonded to the transition metal. such as a leaving
group, such as but not limited to weak bases such as amines. phosphines, ether and
the like. In addition to the transition metal, these ligands may be optionally bonded

to Aorl.
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The metallocene catalyst is at least one metallocene catalyst component or
metallocene catalyst compound descnibed above containing one or more
cyclopentadienyl moiety in combination with a transiion metal. The metallocene
catalysts that can be acuvated by an activator, such as an alumoxane or derivative
thereof, an ionizing actvator, a Lewis acid. or a combinaton thereot, to form an
active polymerization catalyst system that can be supported on a camer, typically
an inorganic oxide or chloride or a resinous material such as polyethylene. Non-
limiting examples of metallocene catalysts and types of catalyst systems are
discussed in for example U.S. Patent Nos. 4,808,561, 5,017,714, 5,055,438,
5,064,802, 5,124,418, 5,153.157 and 5,324,800.

Fluidizaton of the fluidized bed in the reaction zone 12 1is achieved by the
high rate at which the recycle stream 16 flows into and through the reactor 10.
Typically in operation, the rate of the recycle stream 16 is approximately ten to
fifty times the rate at which the feed is introduced into the recycle stream 16. This
high rate of the recycle stream 16 provides the superficial gas velocity necessary to
suspend and mix the fluidized bed in the reacton zone 12 in a fluidized state.

The fluidized bed has a general appearance similar to that of a vigorously
boiling liquid, with a dense mass of particles in individual motion caused by
percolation and bubbling of gas through the fluidized bed. As the recycle stream
16 passes through the fluidized bed in the reaction zone 12, there 1s a pressure
drop. This pressure drop is equal to or slightly greater than the weight of the
fluidized bed in the reaction zone 12 divided by the cross-sectional area of the
reaction zone 12, therefore making the pressure drop dependent on the reactor
geometry.

Again referencing Figure 1, the make-up feed enters the recycie stream 16
at, but not limited to, a point 22. A gas analyzer 24 receives gas samples from the
recycle stream line 16 and monitors the composition of the recycle stream 16
passing there through. The gas analyzer 24 is also adapted to regulate the
composition of the recycle stream line 16 and the feed to maintain a steady state in
the composition of the recycle stream 16 in the reaction zone 12. The gas analyzer
24 usually analyzes samples taken from the recycle stream line 16 at a point
between the freeboard zone 14 and a heat exchanger 26, preferably, between a
compressor 28 and the heat exchanger 26.

The recycle stream 16 passes upward through the reaction zone 12
adsorbing heat generated by this polymerization-process. That portion of the




WO 96/10591 2198144 rcrusosnzza

10

15

20

235

30

35

-13 -

recycle stream 16 that does not react in the reaction zone 12 exits the reaction
zone 12 and passes through the velocity reduction or freeboard zone 14. As
previously described, in this region, the velocity reduction zone 14, a major portion
of entrained polymer drops back into the fluidized bed in the reaction zone 12
thereby reducing the carryover of solid polymer particles into the recycle stream
line 16. The recycle stream 16 once withdrawn from the reactor above the
freeboard zone 14 is then compressed in compressor 28 and passes through the
heat exchanger 26, where heat generated by the polymerization reaction and gas
compression are removed from the recycle stream 16 before returning the recycle
stream 16 back to the reaction zone 12 in the reactor 10. The heat exchanger 26 is
conventional in type and can be placed within the recycle stream line 16 1n either a
vertical or horizontal position. In an alternative embodiment of this invention,
more than one heat exchanging zone or compression zone within the recycle
stream line 16 may be included.

Referring back to Figure 1, the recycle stream 16 upon exiting the heat
exchanger 26 returns to the bottom of the reactor 10. Preferably, a fluid flow
deflector 30 is positioned below the gas distributor plate 18. The tluid flow
deflector 30 prevents polymer from settling out into a solid mass and maintains
entrainment of liquid and polymer particles within the recycle stream 16 below the
distributor plate 18. The preferred type of fluid flow detlector plate 1s annular disc
in shape, for example, the type described in U.S. Pat. No. 4,933,149. Using an
annular type disc provides both a central upward and outer peripheral flow. The
central upward flow assists in the entrainment of liquid droplets in the bottom head
and the outward peripheral flow assists in minimizing buildup of polymer particles
in the bottom head. The distributor plate 18 diffuses the recycle stream 16 to
avold the stream entering the reaction zone 12 1n a centrally disposed upwardly
moving stream or jet that would disrupt fluidization of the fluidized bed 1n the
reaction zone 12.

The temperature of the fluidized bed is set dependent on the particle
sticking point but is basically dependent on three factors: (1) the catalyst activity
and rate of catalyst injection which controls the rate of polymerization and the
attendant rate of heat generation, (2) the temperature, pressure and composition of
recycle and makeup streams introduced into the reactor and (3) the volume of the
recycle stream passing through the fluidized bed. The amount of hquid introduced
into the bed either with the recycle stream or by separate introduction as described
previously especially affects the temperature because the liquid vaporizes 1n the
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reactor and serves to reduce the temperature of the fluidized bed. Usually the rate
of catalyst addition is used to control the rate of polymer production.

The temperature of the fluidized bed in the reaction zone 12 1n the
preferred embodiment remains constant in a steady state by continuously removing
the heat of reaction. A steady state of the reaction zone 12 occurs when the
amount of heat generated in the process is balanced with the amount of heat
removed. This steady state requires that the total quantity of material entering the
polymerization process is balanced by the amount of polymer and other matenal
removed. Consequently, the temperature, the pressure, and the composition at any
given point in the process is constant with time. There is no significant
temperature gradient within most of the fluidized bed in the reaction zone 12,
however, there is a temperature gradient in the bottom of the fluidized bed in the
reaction zone 12 in the region above the gas distributor plate 18. This gradient
results from the difference between the temperature of the recycle stream 16
entering through the distributor plate 18 at the bottom of the reactor 10 and
temperature of the fluidized bed in the reaction zone 12.

Efficient operation of the reactor 10 requires good distribution of the
recycle stream 16. Should growing or formed polymer and catalyst particles be
allowed to settle out of the fluidized bed, fusion of the polymer can occur. This
can result, in an extreme case, in the formation of a solid mass throughout the
reactor. A commercial-sized reactor contains thousands of pounds or kilograms of
polymer solids at any given time. The removal of a solid mass of polymer of this
magnitude would entail great difficulty, requiring substantial effort and an extended
downtime. By determining stable operating conditions with the help of fluidized
bulk density measurement improved polymerization processes can be performed in
which the fluidization and support of fluidized bed in the reaction zone 12 within
the reactor 10 are maintained.

In the preferred embodiment, variations in the fluidized bulk density for a
given grade of polymer and/or catalyst composition are used to optimize process
conditions and plant design. The fluidized bulk density 1s the ratio of the measured
pressure drop upward across a centrally fixed portion of the reactor to the height
of this fixed portion. It is a mean value which may be greater or less than the
localized bulk density at any point in the fixed reactor portion. It should be
understood that under certain conditions known to those skilled in the art, a mean
value may be measured which is greater or less than the localized bed bulk density.

PRl b Al LI A AN At ke bbbl o h Mg A A8t e P
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Applicants have discovered that as the concentrauon of condensable
component 1s increased in the gaseous stream flowing through the bed, an
identifiable point may be reached beyond which there 1s danger of failure of the
process if the concentration is further increased. This point is characterized by an
irreversible decrease in the fluidized bulk density with an increase m condensable
fluid concentration in the gas. The liquid content of the recycle stream entering the
reactor may not be directly relevant. The decrease in fluidized bulk density
generally occurs with no corresponding change in the settled bulk density of the
final product granules. Thus, the change in fluidization behavior reflected by the
decrease in fluidized bulk density apparently does not involve any permanent
change in the characterisucs of the polymer particles. '

The gas condensable fluid concentrations at which decreases in fluidized
bulk density occur depend upon the type of polymer being produced and other
process conditions. They may be identified by monitoring the fluidized bulk
density as condensable fluid concentrations in the gas are increased for a given type
of polymer and other process conditions.

The fluidized bulk density (FBD) depends on other variables in addition to
the condensable fluid concentration in the gas, including for example the superficial
velocity of the gas flowing through the reactor, and the particle characteristics such
as size, density and settled bulk density (SBD) as well as gas density, viscosity,
temperature and pressure. Thus, in tests to determine changes in fluidized bulk
density attributable to changes in gas condensable fluid concentraton, significant
changes in other conditions should be avoided. Therefore, it is within the scope of
this invention to monitor these other variables from which fluidized bulk density
can be determined, which affect bed instabilities. For the purposes of this
application monitoring or maintaining fluidized bulk density includes monitoring or
maintaining those variables described above that affect fluidized bulk density or are
used to determine fluidized bulk density.

While some modest drop in fluidized bulk density may be accommodated
without the loss of control, further changes in gas composition or other variables
which also increase the dew point temperature may be accompanied by an
irreversible decrease in the fluidized bulk density, development of "hot spots” 1n
the reactor bed, formation of fused agglomerates and eventual shutdown of the

reactor.
Other practical consequences directly related to the reduction of the

fluidized bulk density include a reduced polymer capacity of a fixed-volume reactor
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discharge system and reduced polymer/catalyst reactor residence ume at constant
polymer production rate. The latter may. for a given catalyst, reduce the catalyst
productivity and increase the level of catalyst residues in the product polymer. Ina
preferred embodiment it 1s desirable to minimize the condensable fluid
concentration in the gas for a given target reactor production rate and associated
cooling requirement.

Using such fluidized bulk density variations, stable operating conditions can
be defined. Once a suitable composition has been identified, the composition may
be used to achieve much higher cooling capacities for the recycle stream (without
encountering bed instabilities) by cooling that composition to a greater degree.
Condensable, non-polymernizable materials may be added in appropniate amounts
for a particular grade to achieve high reactor productivity whilst preserving good
conditions in the fluidized bed by staying within the so determined stable operating
zone. High reactor productivity can be achieved in a process or, in terms of plant
design, a large capacity plant can be designed with a relatively small reactor
diameter or existing reactors can be modified to provide increased capacity without

changing the reactor size, see U.S. Patent Nos. 5,352,749;

5,763,543; 5,436,304 and 5,405,922.

At higher reactor productivities it has been found that, staying within the
boundaries defined by the acceptable fluidized bulk density changes, levels of
condensed liquid well over, typically greater than about 2%, 5%, 10%, 12%, 15%,
18%, 20%, 22%, 25%. 27%, 30% or even 35% can be accommodated whilst
avoiding significant levels of chunking or sheeting resulting from fluidized bed
disruption. The levels of condensed liquid based on the total weight of the recycle
stream or fluidizing medium is in the range of between 2 to 50 weight percent,
preferably greater than about 10 to 50 weight percent and even more preferably 15
to about 40 weight percent, still even more preferably about 20 to about 40, and
most preferably about 25 to about 40 weight percent.

Preferably the fluidized bulk density is observed by using a pressure
difference measurement from a part of the fluidized bed not prone to disturbances
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over the distributor plate. Whereas, conventionally, fluidized bulk density
variations in the lower part of the bed can be taken to be indicative of bed
disruption over the distributor plate, with the upper tluidized bulk density measured
remote from the distributor plate being used as a stable reference, it has now
surprisingly been found that the changes 1n the upper fluidized bulk density
correlate to change in the composition of the stream and can be used to find and

define stable operating zones.
The bulk density function (Z) as herein defined is

S _ (Pbf - Pg) ! Pbs
(Ps - Pg) / Ps
wherein ppf is the tluidized bulk density, pps 1s the settled bulk density, pg  is the
gas density, and ps 1s the solid (resin) density. The bulk density function (Z) can

be calculated from process and product measurements.
In one embodiment, the bulk density function (Z) 1s defined as

Z < 039-pg/pbs
1- pg/ ps

wherein ppf 1s the tluidized bulk density, pps 1s the settled bulk density, po is the
gas density, and pg 1s the solid (resin) density.

In the present invention, disruption of fluidization is avoided by maintaining
the bulk density function (Z) value above about the minimum or limit values shown
in the tollowing Tables A and B based on the calculated values for X and Y.

For the purposes ot this patent specification and appended claims X and Y

are defined according to the following equations:

d,poU
XzLOG|:pf OJ

d..3 i
v —10G g4p~PePbs (Ps Pg)
F’sLLz
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wherein dp, 1s the weight average particle diameter, g 18 the gravity acceleration
(9.805 m/sec?), U, 1s the gas superficial velocity, and U 1s the gas viscosity.

For the purposes of this patent specification and appended claims the
calculated limit of the bulk density function 1s based on the values for X and Y
function as calculated using the formulas set forth above. The calculated limit 1s
the number determined from Tables A and/or B using the calculated values for X
and Y.

Table A are the values for the calculated limit of the bulk density function
for ranges for X and Y. Table B are the values for the calculated limit of the bulk
density function for preferred ranges for X and Y.

While the Tables A and/or B represent only selected point values for X and
Y, one of ordinary skill in the art will recognize that 1t will generally be necessary
to interpolate the values X and Y to obtain a corresponding limit Z value.

In a preferred embodiment the bulk density function (Z) is maintained at a
value greater than or equal, more preterably greater than, to the value provided in
Tables A and/or B using the values for X and Y.

In yet another embodiment the bulk density function (Z) 1s maintained at a
level greater than 1% above the limit of the bulk density function value determined
from Tables A and B and more preferably greater than above 2%, even more
preferably greater than above 4% and most preferably greater than above 5%.

In another embodiment the bulk density function (Z) 1s in the range of
about 0.2 to about 0.7, preferably in the range of about 0.3 to about 0.6, more
preferably greater than about 0.4 to about 0.6.

The particle diameter (dp) can be in the range of from 100 to 3000 microns,
preferably from about 500 to 2500 microns, more preferably from about 500 to
2000 microns, most preferably from 500 to 1500 microns.

The gas viscosity (L) can be 1n the range of from about 0.01 to about 0.02
centipose (cp), preterably 0.01 to 0.018 cp and most preferably 0.011 to about
0.015 cp.

The settled bulk density (SBD) or (ppg) can be in the range of from about
10 to 35 1b/ft3 (160.2 to 561 kg/m>), preferably from about 12 to 35 Ib/ft3 (193 to
561 kg/m3), more preferably from about 14 to 32 1b/ft3 (224.3 to 513 kg/m3) and
most preferably from about 15 to 30 Ib/ft3 (240.3 to 481 kg/m3).

The gas density (pg) can be 1n the range ot from about 0.5 to about 4.8
Ib/ft3 (8 to 77 kg/m3), preferably from about 1 to 4 [b/ft3 (16 to 64.1 kg/m3),
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more preferably from about 1.1 to about 4 1b/£t3 (17.6 to 64.1 kg/m3) and most
preferably from about 1.2 to about 3.6 1b/ft3 (19.3t0 57.9 kg/m3).

The solid resin density (pg) can be in the range of 0.86 to about 0.97 g/cc,
preferably in the range of 0.87 to about 0.97 g/cc, more preterably in the range of
0.875 to about 0.970 g/cc and most preferably in the range of 0.88 to about 0.97
g/cc.

The reactor temperature can be between 60 and 120°C, preferably 60 to
115°C and most preferably in the range of 70 to 110°C.

The reactor pressure can be 100 to 1000 psig (689.5 to 6895 kPag),
preterably about 150 to 600 psig (1034 to 4137 kPag), more preterably 200 to
about 500 psig (1379 to 3448 kPag) and most preferably between 250 to 400 psig

(1724 to 2758 kPag).
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Advantageously the recycle stream is cooled and passes at a velocity
through the reactor such that the cooling capacity is sufficient for a reactor
productivity expressed in pounds (1bs) of polymer per hr/ft2 of reactor cross-
sectional area exceeding 500 Ib/hr-ft2 (2441 kg/hr—mz), especially 600 Ib/hr-ft2
(2929 kg/hr-m2) involving an enthalpy change of the recycle stream from the
reactor 1nlet conditions to the reactor outlet conditions of at least 40 Btu/lb,
preferably 50 Btu/lb. Preferably, the liquid and gaseous component of the stream
are added 1n a mixture below a reactor distributor plate. This reactor productivity
1s equal to the space time yield multiplied by the height of the fluidized bed.

In the preferred embodiment of the present invention, the liquid introduced
into the reactor 10 1s vaporized in order to achieve the increased reactor cooling
capacity benefits of this polymerization process. High levels of liquid in the bed
may promote the formation of agglomerates which cannot be broken up by
mechanical forces present in the bed, thus leading potentially to defluidization, bed
collapse and reactor shutdown. In addition, the presence of liquids can influence
local bed temperatures and affect the capability of the process to produce polymer
having consistent properties, since this requires an essentially constant temperature
throughout the bed. For these reasons, the amount of hiquid introduced into the
fluidized bed under a given set of conditions should not materially exceed the
amount that will vaporize 1n the lower region of the fluidized bed, where
mechanical forces associated with entry of the recycle stream through the
distributor plate are sufficient to break up agglomerates formed by liquid-particle
interaction.

It has been discovered 1n this invention that, for given composition and
physical characteristics of the product particles in the fluidized bed and otherwise
given or related reactor and recycle conditions, by defining boundary conditions
related to the composition of the gas flowing through the bed, a viable fluidized
bed can be maintained at high cooling levels.

While not wishing to be bound by any theory, applicants suggest that the
observed decrease in fluidized bulk density may reflect an expansion of the dense
particulate phase and change in bubble behavior within the fluidized bed.

Referring back to Figure 1, a catalyst activator, if required depending on
the catalyst utilized, is generally added downstream from the heat exchanger 26.
The catalyst activator may be introduced from a dispenser 32 into the recycle
stream 16. However, the improved process of this present invention 1s not limited
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to the location of the insertion of the catalyst activator or any other required
components such as catalyst promoters.

The catalyst from the catalyst reservoir can be injected either intermittently
or continuously into the fluidized bed reacuon zone 12 at a preferred rate at a point
34 which is above the gas distributor plate 18. In the preterred embodiment as
described above, the catalyst is injected at a point where mixing with polymer
particles within the fluidized bed 12 is best accomplished. Because some catalysts
are very active, the preferred injection into the reactor 10 should be above the gas
distributor plate 18, not below. Injection of catalyst in the area below the gas
distributor plate 18 may result in the polymerization of product in this area, which
would result eventually in the plugging of the gas distributor plate 18. Also,
introducing the catalyst above the gas distributor plate 18 aids in the umform
distribution of catalyst throughout the fluidized bed 12 and, therefore, helps to
preclude the formaton of "hot spots” resulting from high local catalyst
concentrations. Injection is preferably into the lower portion of the flmdized bed 1n
the reaction zone 12 to provide uniform distribution and to minimize catalyst
carryover into the recycle line where polymerization may lead to evenwal plugging
of the recycle line and heat exchanger.

A variety of techniques for catalyst injection may be utilized in the
improved process of this present invention, for example the technique described in
U.S. Pat. No. 3,779,712.

An inert gas such as nitrogen or an inert liquid that readily volatilizes
under reactor conditions is preferably used to carry the catalyst into the fluidized
bed reaction zone 12. The catalyst injection rate and monomer concentration 1n
the recycle stream 16 determines the rate of polymer production in the fluidized
bed reaction zone 12. It is possible to control the production rate of the polymer
produced by simply adjusting catalyst injecuon rate.

In the preferred operating mode of the reactor 10 utilizing the improved
process of this present invention, the height of the fluidized bed in reaction zone 12
is maintained by the withdrawal of a portion of the polymer product at a rate
consistent with the formation of the polymer product. Instrumentation for
detecting any temperature or pressure changes throughout the reactor 10 and
recycle stream 16 are useful to monitor changes in the condition of the fluidized
bed in the reaction zone 12. Also, this instrumentation allows for either the manual
or automatic adjustment of the rate of catalyst injection and/or the temperature of

the recycle stream.
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In operanon of the reactor 10, the product is removed from the reactor
through a discharge system 36. The discharge of polymer product is preferably
followed by separatung fluids from the polymer product. These tluids may be
returned to the recycle stream line 16 as a gas at point 38 and/or as a condensed
liquid at point 40. The polymer product is routed to downstream processing at
point 42. The discharge of polymer product is not limited to the method shown in
Figure 1, which illustrates just one particular discharge method. Other discharge
systems can be employed, for example, those disclosed and claimed in U.S. Pat.
No's. 4,543,399, and 4,588,790 to Jenkins, et al..

In accordance with the present invention, a process is provided for
increasing the reactor productivity of polymer production in a fluidized bed reactor
employing an exothermic polymerization reaction by cooling the recycle stream to

below its dew point and returning the resultant recycle stream to the reactor. The
recycle stream containing greater than 15, preferably greater than 20 weight
percent liguid can be recycled to the reactor to maintain the fluidized bed at a
desired temperature.

In the processes of the inventon, the cooling capacity of the recycle stream
or fluidizing medium may be significantly increased by both the vaporizatuon of the
condensed liquids entrained in the recycle stream and as a result of the greater
emperature differental between the entering recycle stream and the fluidized bed
temperature. In the preferred embodiment the polymers, homopolymers or
copolymers. produced are selected from a film grade resin baving a MI from 0.01
to 5.0, preferably 0.5 to 5.0 and a density of 0.900 to 0.930; or a molding grade
resin having a M1 of from 0.10 to 150.0, preferably 4.0 to 150.0 and a density of
from 0.920 to 0.939; or a high density resin having a MI of from 0.01 to 70.0,
preferably 2.0 to 70.0 and a density of from 0.940 to 0.970; all density units being
Ina glcm3 and the melt index being in g/10 min determined according to ASTM-
1238 condition E.

Depending on the target resin different recycle conditions may be adopted
providing reactor productivity levels not previously envisaged.

Firstly, there may be produced for example a film grade resin in which the
recycle stream has a butene/ethylene mole ratdo of from 0.001 to 0.60, preferably
0.30 to 0.50 or a 4-methyl-pentene- 1/ethylene mole ratio of from 0.001 to 0.50,
preferably 0.08 to 0.33 or a hexene/ethylene mole ratio of from 0.001 to 0.30,
preferably 0.05 to 0.20: or an octene-1/ethylene mole ratio of from 0.001 to 0.10,
preferably 0.02 to 0.07: a hydrogen/ethylene mole ratio of from 0.00 to 0.4,
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preferably 0.1 to 0.3; and an isopentane level of from 3 to 20 mol% or an
ischexane level of from 1.5 to 10 mol% and in which the cooling capacity of the
recycle stream is at least 40 Btu/lb, preferably at least 50 but/lb or the weight
percent condensed is at least 15, preferably greater than 20.

Secondly, the process may be used to yield a molding grade resin in which
the recycle stream has a butene-1/ethylene mole ratio of from 0.001 to 0.60,
preferably 0.10 to 0.50 or a 4-methyl-pentene-1/ethylene mole ratio of from 0.001
to 0.50, preferably, 0.08 to 0.20 or a hexene/ethylene mole rato of from 0.001 to
0.30, preferably 0.05 to 0.12 or an octene-1/ethylene mole ratio of from 0.001 to
0.10, preferably 0.02 to 0.04; a hydrogen/ethylene mole rauo of from 0.00 to 1.6,
preferably 0.3 to 1.4; and an isopentane level of from 3 to 30 mol% or an
isohexane level of from 1.5 to 15 mol% and in which the cooling capacity of the
recycle stream is at least 40 Btu/lb, preferably at least 50 Btw/lb or the weight
percent condensed is at least 15, preferably greater than 20.

Also, high density grades of resins may be made by a process in which the
recycle stream has a butene-ethylene mole ratio of 0.001 to 0.30, preferably 0.001
to 0.15 or a 4-methyl-pentene-1/ethylene mole ratio of from 0.001 to 0.25,
preferably 0.001 to 0.12 or a hexene/ethylene mole ratio of 0.001 to 0.15,
preferably 0.001 to 0.07 or an octene-1/ethylene mole ratio of from 0.001 to 0.05,
preferably 0.001 to 0.02; a hydrogen to ethylene mole ratio of 0.00 to 1.5,
preferably 0.3 to 1.0; and an isopentane level of from 10 to 40 mol% or an
isohexane level of from 5 to 20 mol% and in which the cooling capacity of the
recycle stream is at least 60 Btu/lb, preferably greater than 73 Btu/lb, and most
preferably greater than at least about 75 Btw/lb or the weight percent condensed is
at least 12, preferably greater than 20.

EXAMPLES

In order to provide a better understanding of the present invention
including representative advantages and limitations thereof, the following examples
are offered as related to actual tests performed in the practice of this invenuon.

MPLE 1
A fluidized gas phase reactor was operated to produce a copolymer of

ethylene and hexene-1. The metallocene catalyst was prepared from silica
dehydrated at 600 °C. The catalyst was a commercial scale catalyst prepared in a
mixing vessel with and agitator. An initial charge of 1156 pounds(462 Kg) toluene
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was added to the mixer. This was followed by mixing 925 pounds (421Kg) of 30
percent by weight methyl aluminoxane in toluene. This was followed with 100
pounds(46 Kg)of 20 percent by weight bis(1.3-methyl-n-butyl cyclopentadienyl)
zirconium dichlonde in toluene (20.4 pounds (9.3Kg) of contained metallocene).
An additonal 144 pounds (66Kg) of toluene was added to the mixer to rinse the
metallocene feed cylinder and allowed to mix for 30 minutes at ambient conditions.
This was followed by 54.3 pounds (25 Kg) of an AS-990 in toluene, surface
modifier solution, containing 5.3 pounds (2.4 Kg) of contained AS-990. An
additional 100 pounds (46Kg) of toluene rinsed the surface modifier contamner and
was added to the mixer. The resulting slurry was vacuum dried at 3.2 psia
(70.6kPa) at 175 °F (79 °C) to a free flowing powder. The final catalyst weight
was 1093 pounds (497Kg). The catalyst had a final zirconium loading of 0.40%
and an aluminum loading of 12.0%.

The polymerization was conducted in a commercial scale conunuous gas
phase fluidized bed reactor. The fluidized bed is made up of polymer granules.
The gaseous feed streams of ethylene hydrogen are introduced below the reactor
bed into the recycle gas line. Hexene comonomer is introduced below the reactor
bed in a separate line to the recycle gas line. An inert hydrocarbon such as
isopentane is also introduced to the reactor in the recycle gas line. The isopentane
is added to provide additional heat capacity to the reactor recycle gases. The
individual flow rates of ethylene, hydrogen and comonomer were controlled to
maintain fixed compositon targets. The ethylene concentration was controlled to
maintain a constant hydrogen to ethylene ratio. The concentration of the gases
were measured by an on-line gas chromatograph to ensure relatively constant
composition in the recycle gas stream. Tri-ethyl aluminum (TEAL) as 20 percent
by weight solution in isopentane carrier solvent was introduced into the fluidized
bed for about 2 hours and 40 minutes at a rate of 32 Ib/hr prior to the introduction
of the catalyst. Once the catalyst feed began. TEAL introduction continued as
above for about 1 hour and then was stopped. The total TEAL on bed was 122
ppm.

The solid catalyst was injected directly into the fluidized bed using punfied
nitrogen. The catalyst rate was adjusted to maintain a constant production rate.
The reacting bed of growing polymer particles is maintained in a fluidized state by
a continuous flow of the make up feed and recycle gas through the reaction zone.
The reactor was operated at a total pressure of 310 psig (2138kPa). To maintain a
constant reactor temperature, the temperature of the recycle gas in continuously
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adjusted up or down to accommodate any changes in the rate of heat generation
due to the polymerization.

The fluidized bed was maintained at a constant height by withdrawing a
portion of the bed at a rate equal to the formation of the particulate product. The
product is removed semi-continuously via a series of valves into a fixed volume
vessels. These fixed volume vessels are vented back to the reactor through a
recycle gas compressor which recovers reactor gases. The product 1s transterred
to a purger vessel to remove entrained hydrocarbons and treated with humidified
nitrogen to deactivate the residual catalyst.

Table 1, Run 1, 1s polymerization data from an actual operation. The data
in Run 2 and 3 of Table 1 were prepared by extrapolating information from actual
operation, Run 1, by using thermodynamic equations well known 1n the art to
project target conditions. The tluidized bulk density function (Z) is not shown 1n
Runs 2 and 3 for the reasons stated above, however, the calculated limit of the
bulk density function 1s shown.
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TABLE 1

TimeMours) | 1 [ 2 [ 3 !

Recycle Stream Compositions: | we [ e | e [
Butene-1 e | e b
Hexepe-1 1 09 | 09 | 09 | 09 |
Isopentane | 115 | 150 | 180 | 18.0 _
Cg Saturated Hydrocarbons [ | ¢+
Ethane 1 03 | 03 [ 03 | 03
Methane | . | - [
Cg Saturated Hydrocarbons | - | -~ | - | -
Recycle Gas Dew Point (°
Reactor Pressure (psig

Resin Settled Bulk Density (kg/m

Reactor Bed Fluidized Bulk Density (b/ft°) | 192 | - | - | -
Reactor Bed Fluidized Bulk Density (kg/m”) | 307.5 | - | - | -
Space Time Yield(bhr-ft) | 86 | 148 | 181 | 208 |
Recycle Stream Enthalpy Change (Btlb) | 37 | S8 | 66 | 66
DensityFunction(z) | 070 | - | - | -

*Based on the values for X and Y functions; Tables A and B were used to determine the limats.
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While the present invention has been described and illustrated by reference
to particular embodiments thereof, it will be appreciated by those of ordinary skill
in the art that the invention lends itself to variations not necessarily illustrated
herein. For example, it is within scope of this invention to utilize a catalyst of
increased activity to increase the rate of production or reduce the temperature of a
recycle stream by employing refrigerator units. For this reason, then, references
should be made solely to the appended claims for purposes of determining the true
scope of the present invention.
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CLAIMS:

1. A process for polymerizing alpha-olefin(s) in the
presence of a supported metallocene catalyst in a gas phase
reactor having a fluidized bed and a fluidizing medium
wherein the fluidizing medium serves to control the cooling
capacity of said reactor, the process comprising employing
in the fluidizing medium a level of liquid entering the
reactor which is greater than about 2 and up to about 50
weight percent based on the total weight of the fluidizing

medium and maintaining a bulk density function (2):

(Pbf - Pg) ! Pbs

Z= | ——————
(s - Pg)/ Ps (1)

at a value equal to or greater than a calculated limit of
the bulk density function in Table A, in which X and Y 1in

Table A are calculated according to the following equations:

d,p,U
X = LOG —E—f—?- (TT)

gdp3pepbs (s - Pg)

Y =LOG I T — (ITI)
PsH

wherein p., is the fluidized bulk density, p,; is the settled
bulk density, p, is the gas density, p, is the solid

(resin) density, d, is weight average particle diameter, g 1s
9.805 m/sec?, U, is the gas superficial velocity, and p is

the gas viscosity.
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2. A process for polymerizing alpha-olefin(s) in the
presence of a supported metallocene catalyst in a gas phase
reactor having a fluidized bed and a fluidizing medium
having a gas phase and a ligquid phase entering the reactor,
sald process comprising:

a) controlling the cooling capacity of said
fluidizing medium by controlling the ratio of said gas phase
to said liquid phase;

b) calculating a bulk density function limit as
defined in claim 1;

C) maintaining or monitoring a bulk density
function (Z) as defined in equation (I) of claim 1; and

d) adjusting the bulk density function (Z) to
maintain the bulk density function (Z2) at a value greater
than or equal to the calculated bulk density function limit;

wherein the fluidizing medium employs a level of liquid
entering the reactor in the range of from about 2 to about
50 weight percent based on the total weight of the

fluidizing medium.

3. A continuous process for polymerizing alpha-olefin(s)
in the presence of a supported metallocene catalyst in a gas
phase reactor having a fluidized bed and a fluidizing medium
having a gas phase and a liquid phase entering the reactor,
sald process comprising:

a) controlling the cooling capacity of said
fluidizing medium by controlling the ratio of said gas phase
to said liguid phase; and

b) maintaining a bulk density function (2) as
defined in equation (I) of claim 1, at a value greater than
or equal to a calculated limit of the bulk density function
as defined in claim 1;

wherein the fluidizing medium employs a level of liquid
entering the reactor in the range of from about 2 to about
50 weight percent based on the total weight of the

fluidizing medium.
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4, A continuous process for increasing reactor
productivity of a gas phase polymerization reactor having a
fluidizing medium and a fluidized bed, said process
comprising passing a gaseous stream comprising monomer
through a reaction zone in the presence of a supported
metallocene catalyst to produce a polymeric product,
withdrawing said polymeric product, withdrawing said
fluidizing medium comprising unreacted monomer from said
reaction zone, mixing said fluidizing medium with
hydrocarbon and polymerizable monomer (s) to form a liquid
and a gas phase, and recycling said fluidizing medium to
salid reactor, the process comprising:

a) introducing said hydrocarbon into said

fluidizing medium to permit an increase 1n the cooling
capacity of the fluidizing medium above at least about 40

Btu/lb;
b) increasing the rate of withdrawal of polymer

product to above at least about 500 lb/hr-ft<;
C) calculating a bulk density function limit as

defined in claim 1; and
d) maintaining a bulk density function (Z), as
defined in equation (I) of claim 1, wvalue greater than or
equal to the calculated limit of the bulk density function;
wherein the fluidizing medium employs a level of liquid
entering the reactor in the range of from about 2 to about

50 weight percent based on the total weight of the

fluidizing medium.

5. A process for polymerizing alpha-olefin(s) 1in the
presence of a supported metallocene catalyst in a gas phase
reactor having a fluidized bed and a fluidizing medium
comprising a gas phase to produce a polymeric product
wherein the fluidizing medium serves to control the cooling
capacity of said reactor, the process comprising employing
in the fluidizing medium a level of liquid entering the
reactor which is greater than about 15 and up to about 50
weight percent based on the total weight of the fluidizing
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medium wherein a bulk density function (Z), as defined in
equation (I) of claim 1, is maintained at a value equal to

or greater than a calculated limit of the bulk density

function as defined in claim 1.

6. A process for polymerizing alpha-olefin(s) in the
presence of a supported metallocene catalyst 1n a gas phase
reactor having a fluidized bed and a fluidizing medium to
produce a polymer product having a density 1n the range of
0.90 g/cc to about 0.939 g/cc, said process comprising
operating said reactor such that the enthalpy change of said
fluidizing medium entering and exiting the reactor 1is
greater than about 35 Btu/lb, the fluidizing medium
comprising a level of liquid entering the reactor which 1is
greater than about 2 and up to about 50 weight percent based
on the total weight of the fluidizing medium and wherein a
bulk density function (Z), as defined in equation (I) of
claim 1, is maintained at a value equal to or greater than a
calculated limit of a bulk density function as defined 1in

claim 1.

7. A process for polymerizing alpha-olefin(s) in the
presence of a supported metallocene catalyst in a gas phase
reactor having a fluidized bed and a fluidizing medium for
producing a polymer product having a density in the range
from about greater than 0.900 g/cc to 0.970 g/cc, the
process comprising operating said reactor such that the
enthalpy change of said fluidizing medium entering and
exiting the reactor is greater than about 35 Btu/1lb, the
fluidizing medium comprising a level of liquilid entering the
reactor which is greater than about 2 and up to about 50
weight percent based on the total weight of the fluidizing
medium and wherein a bulk density function (Z), as defined
in equation (I) of claim 1, is maintained at a value equal
to or greater than the calculated limit of a bulk density

function as defined in claim 1.
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8. The process in accordance with any one of claims 1 to
4, 6 and 7, wherein the level of liquid i1s in the range of
from about 15 to about 50 weight percent based on the total
weight of the fluidizing medium.

S. The process 1in accordance with claim 5 or 8, whereln
the level of liquid is in the range of from about 20 to
about 40 weight percent based on the total weight of the

fluidizing medium.

10. The process in accordance with claim 9, wherein the
level of liquid is in the range of from about 25 to about 40
weight percent based on the total weight of the fluidizing

medium.

11. The process in accordance with any one of claims 1 to
7. wherein the level of liquid is greater than about 15

weight percent based on the total weight of the fluidizing

medium.

12. The process in accordance with claim 11, wherein the
level of liquid is greater than about 20 weight percent

based on the total weight of the fluidizing medium.

13. The process in accordance with claim 12, wherein the
level of liquid is greater than about 22 weight percent
based on the total weight of the fluidizing medium.

14 . The process in accordance with claim 13, wherein the
level of liquid is greater than about 25 weight percent
based on the total weight of the fluidizing medium.

15. The process in accordance with any one of claims 1 to
14, wherein the bulk density function (Z) is greater than

the calculated limit of the bulk density function.
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16. The process in accordance with claim 15, wherein the
bulk density function (Z) 1s greater than 1% above the

calculated limit of the bulk density function.

17. The process in accordance with claim 16, wherein the
bulk density function (Z) is greater than 2% above the

calculated limit of the bulk density function.

18. The process in accordance with any one of claims 1 to
14, wherein the bulk density function (2) is greater than or

equal to (0.59- pg/pbs)/(1- pg/ps), wherein pbs, pg and ps

are as defined in claim 1.

19. The process in accordance with any one of claims 1 to
18, wherein the calculated limit of the bulk density

function is in the range of from about 0.2 to about 0.7.

20. The process in accordance with claim 19, wherein the
calculated limit of the bulk density function 1is 1n the
range of from about 0.3 to about 0.6.

21. The process in accordance with claim 20, wherein the
calculated limit of the bulk density function 18 1in the

range of from about 0.4 to about 0.6.

22. The process in accordance with any one of claims 1 to
21, wherein said fluidizing medium comprises:

1) butene-1 and ethylene at a molar ratio of from
about 0.001 to about 0.60 or 4-methyl-pentene-1 and ethylene
at a molar ratio of from about 0.001 to about 0.50 or
hexene-1 and ethylene at a molar ratio of from about 0.001
to about 0.30 or octene-1 and ethylene at a molar ratio of
from about 0.001 to about 0.10; and

11) a condensable fluid comprising from about 1.5 to

about 20 mole percent of the fluidizing medium.
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23. The process in accordance with any one of claims 1 to
21, wherein said fluidizing medium comprises:

1) butene-1 and ethylene at a molar ratio of from
about 0.001 to about 0.60 or 4-methyl-pentene-1 and ethylene
at a molar ratio of from about 0.001 to about 0.50 or
hexene-1 and ethylene at a molar ratio of from about 0.001
to about 0.30 or octene-1 and ethylene at a molar ratio of
from about 0.001 to about 0.10; and

11) a condensable fluid comprising from about 1.5 to

about 30 mole percent of the fluidizing medium.

24. The process in accordance with any one of claims 1 to
21, wherein said fluidizing medium comprises:

1) butene-1 and ethylene at a molar ratio of from
about 0.001 to about 0.30 or 4-methyl-pentene-1 and ethylene
at a molar ratio of from about 0.001 to about 0.25 or
hexene-1 and ethylene at a molar ratio of from about 0.001
to about 0.15 or octene-1 and ethylene at a molar ratio of
from about 0.001 to about 0.05; and

1i) a condensable fluid comprising from about 5 to

about 40 mole percent of the fluidizing medium.

25. The process in accordance with claim 4, wherein polymer
product is withdrawn at a rate greater than about 600 lb/hr-
fte.

26. The process in accordance with any one of claims 1 to 3
and 5 to 7, further comprising withdrawing polymer product
at a rate greater than about 500 lb/hr-ft”.

27 . The process in accordance with claim 26, wherein the

product is withdrawn at a rate above about 600 lb/hr-ft®.

28. The process in accordance with any one of claims 2 to
4, wherein the reactor comprises a distributor plate, and

wherein: (i) the gas phase enters the reactor separate and
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apart from the liquid phase; or (ii) wherein the liquid
phase enters the reactor below the distributor plate; or
(1ii1) both (i) and (i1).

29. The process in accordance with any one of claims 1 to
28, wherein the ratio of fluidized bulk density to settled
bulk density 1s less than 0.59.

30. The process 1n accordance with claim 6, wherein the
enthalpy change is in the range of between about 40 Btu/lb
to about 100 Btu/lb.

31. The process in accordance with claim 7, wherein the
enthalpy change is in the range of between about 40 Btu/lb
to about 110 Btu/lb.

32. The process in accordance with any one of claims 1 to
5, 25 and 28, wherein the cooling capacity 1s controlled by

adding a condensable fluid to the reactor or recycle stream.

33. The process in accordance with any one of claims 1 to
32, wherein the fluidizing medium passing through the
fluidized bed comprises a dew point increasing component 1in

an amount greater than about 2.0 mole percent.
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