
METHOD OF REDUCING GELS IN POLYOLEFINS FIELD OF THE
INVENTION [0001] The present invention relates to
methods of reducing the number of gels in polyolef ns,
and more particularly to a method of melt extruding
polyethylene compositions through one or more active
screen(s) in order to lower the number of gels in the
melt and form a film having improved film appearance.
BACKGROUND OF THE INVENTION [0002] The presence of
"gels" is a common problem in polyolefins. The term
"gels" refers to highly localized imperfections in the
polyolefin, especially film made from polyolefin, that
are visually distinct from the surrounding film,
mostly due to the presence of either high
concentrations of unblended polymer, unreacted
catalyst and activator, or both, but can include other
types of visually distinct imperfections as well. The
presence of gels lowers the value of these films, and
in some cases makes the films unmarketable. There have
been many approaches in the past to solving this
problem. One approach is to remove the gels prior to
forming the finished product formed from the
polyolefin having the gels. One approach in particular
is that of filtering the polyolefin melt. This is
described in general in FILTRATION OF POLYMER MELTS
(D. Gneuss, ed., VDI-Verlag GmbH, Dusseldorf 1981). In
particular, Gerhard Schonbauer describes using screen
mesh 



to filter polymer melts in this publication. However,
there are no specific solutions to removing gels
common in polyolefin melts, especially polyethylene
melts and bimodal or multimodal polyethylene melts.
[0003] Others have disclosed the use of screen mesh to
filter polyolefin melts. In one approach to solving
the problem of gels in polyolefin products, US
5,730,885 discloses as a preferred approach to use
multiple screens, those coarser than 250 mesh, thus
avoiding undesirable back pressure and ripping of the
screens. In a second approach, on the other hand, US
6,485,662 discloses that a single active mesh screen
that is relatively large mesh, those finer than 200
mesh having a micron retention size range of from 2
micron to 70 micron, in combination withseveral small
mesh passive screens is desirable. These solutions are
both somewhat inadequate because the first requires
multiple active screens, increasing cost and
complexity as well as being limited to polypropylene
in its usefulness, while the second approach has the
problem of high pressure drop and propensity for
screens to plug quickly. [0004] The present inventors
have surprisingly found that a single, relatively
coarse mesh size active screen can adequately filter
polyolefm melts to commercially desirable levels. The
inventors have also found that one, two, three, or
four active screens are useful in producing gel free
bimodal polyethylenes. SUMMARY OF THE INVENTION 



[0005] One aspect of the invention is directed to a
process of producing a polyolefm, in a preferred
embodiment a bimodal polyethylene comprising a high
molecular weight component and a low molecular weight
component, the process comprising providing a
polyolefm having an I2 1 value of from 2 g/10 min to
100 g/10 min and a density of from 0.91 g/cm to 0.97
g/cm ; followed by forming a melt of the polyolefm and
passing the polyolefm through one active screen filter
having a mesh size of from 70 micron to 200 micron at
a mass flux of from 5 lb/hr/square inch (3,500 kg/hr/m
2) to 100 lb/hr/square inch (70,000 kg/hr/m 2) ; and
isolating the polyolefm having passed through the
screen filter. In one embodiment, the polyolefin is a
polyethylene having an I2 1 of from 4 g/10 min to 20
g/10 min and a density of from 0.93 g/cm 3 to 0.96
g/cm 3. [0006] Another aspect of the invention is
directed to a process of producing a polyethylene, in
a preferred embodiment a bimodal polyethylene
comprising a high molecular weight component and a low
molecular weight component, the process comprising
providing a polyethylene having an I 1 value of from 2
g/10 min to 100 g/10 min and a density of from 0.91
g/cm 3 to 0.97 g/cm 3; followed by forming a melt of
the polyethylene and passing the polyethylene through
one or more, preferably one to four, active screen
filter(s) having a mesh size of from 70 micron to 200
micron at a mass flux of from 5 lb/hr/square inch
(3,500 kg/hr/m 2)to 100 lb/hr/square inch (70,000
kg/hr/m 2) ; and isolating the polyethylene having 



passed through the screen filter. In one embodiment,
the polyethylene has an I2 1 of from 4 g/10 min to 20
g/10 min and a density of from 0.93 g/cm 3 to 0.96
g/cm 3. In another particular embodiment, the
polyethylene has an I2 1 of from 2 g/10 min to 80 g/10
min and a density of from 0.91 g/cm3 to 0.93 g/cm 3.
[0007] These aspects may b e combined with various
embodiments disclosed herein to describe the
invention(s). DETAILED DESCRIPTION OF THE INVENTION
[0008] As used herein, in reference to Periodic Table
"Groups" of Elements, the "new" numbering scheme for
the Periodic Table Groups are used as in the CRC
HANDBOOK OF CHEMISTRY AND PHYSICS (David R. Lide ed.,
CRC Press 8 1st ed. 2000). [0009] The process of the
present invention includes melt blending a polyolefm,
preferably a polyethylene, most preferably a bimodal
polyethylene powder, passing the melted, blended
polymer through a filter screen pack, extruding the
polymers through a die and then cooling the polymers.
[0010] The melting may be accomplished by heaters as
are standard in the art, or in the blending device
itself. The polyolefm may be further blended, and is
preferably blended as well as melted in a sequential
or simultaneous process in the same instrument. The
melting, blending or "melt blending" may take place
with 



extruders and processes for extrusion as are described
in US 4,814,135; US 5,076,988; US 5,153,382 and US
publication 2005/0012235. For example, one can use
screw extruders, either single or double screw type,
for example, a ZSK co-rotating twin-screw extruder or
a Killion single screw extruder. The screw portion of
the extruder may be divided up into three sections,
the feed section, the compression section, and the
metering section, and may have multiple heating zones
from the rear heating zone to the front heating zone,
the multiple sections and zones running from upstream
to downstream. If the extruder has more thanone
barrel, the barrels should be connected in series. The
length to diameter ratio of each barrel is in the
range of 16:1 to 40:1 in one embodiment. Blending of
the component polymers can also b e accomplished, for
example, in a batch type mixer such as a BANBURY(tm)
or a BRABENDER(tm) mixer. Tangential and intermeshing
counter-rotating and intermeshing co-rotating mixers,
two stage mixers, and multistage long length/diameter
mixers can also be used. Also, the mixing systems in
US 4,334,783 and US 5,458,474 are useful in another
embodiment. The blending can take place at
temperatures in the range of 160 C to 270 0C, and
preferably is carried out at temperatures in the range
of 180 0C to 240 C. [0011] The blending step is
followed by passing the polyolefm melt through a
single active filter screen, which may be housed in a
breaker plate. The screen 



filter may comprise a pack with one or more passive
screens of 20 mesh to 60 mesh size. The one or more
active screens, only one in a preferred embodiment, is
characterized by the number of wires per unit of the
length in each direction, that is, its "mesh". A
higher screen mesh, for a given filter, results in a
smaller pore size; for example, 325 mesh screen has 42
micron openings. The inventors have found that 60 mesh
(250 micron) and coarser openings are passive, whereas
80 mesh (177 micron) and finer openings are active,
but without having to go to sizes so fine that back
pressures in the melt process are undesirably high.
[0012] More particularly, the inventors have found
that using one or more active screens, preferably one
to four, even more preferably one to three, and most
preferably one active screen having a mesh such that
the openings are at from 70 micron to 210 micron, more
preferably from 70 micron to 180 micron, and most
preferably from 75 micron to 150 micron is both
economical and sufficient to produce polyolefms having
a commercially attractive appearance due to a lack of
gels, especially when formed into films. Further, the
inventors have found that the formation of the melt of
the polyolefm that passes through the active screen(s)
can be accomplished using an extruder having a gear
pump, the extruder being operated such that the gear
pump discharge pressure increases by less than
25%,preferably less than 20%, from the starting
pressure per 24 hours of continuous output. This
attribute of the process described herein further
enhances the 



commercial attractiveness of this method of reducing
gels in polyolef n melts. [0013] It will be understood
that the term "screen(s)" includes screens, sieves,
and other filter media, and other equivalents for
which the micron retention size can be determined. A
description of various filter media can be found in,
for example, FILTRATION OF POLYMER MELTS (1988).
Generally, the screens are arranged by beginning with
the larger micron retention size, proceeding to a
smaller micron retention size, and ending with a
larger micron retention size. (0014] The active
screens can be, for example, square weave wire screens
and Dutch weave wire screens, one of which is
described as, for example, a 200 mesh screen. The
screens or equivalents can have closely spaced square
openings, triangular openings, or round openings,
regular or irregular in shape. With regard to
equivalents, there are generally one or more layers
corresponding to the one or more screens mentioned
above. Equivalents are, for example, wire cloth
screens, which have the disadvantage of letting
certain soft particles slip through under pressure;
sintered metal powders of the same or different
diameters, but it is difficult to control the size of
the spaces between the particles in order to
approximate micron retention sizes; sintered metal
fibers, a preferred equivalent; sand packs; and
devices such as those described in US 4,661,249.
[0015] The polyolef  n melt is passed through the
screen(s) at a mass flux in the 



range of 5 lb/hr/square inch (3,500 kg/hr/m 2) to 100
lb/hr/square inch (70,000 kg/hr/m 2) of active screen,
and more preferably from 10 lb/hr/square inch (7,000
kg/hr/m 2) to 80 lb/hr/square inch (56,000 kg/hr/m 2)
of active screen, and most preferably at a mass flux
in the range of 30 lb/hr/square inch (21,000 kg/hr/m
2) to 50 lb/hr/square inch (35,000 kg/hr/m 2) of
active screen. Generally, only one pass through the
screen at the defined mass flux is sufficient to
reduce the gels to 200 micron or less, usually less
than 100 micron. It is found that at least a major
proportion of the gels can be reduced to sizes of less
than 100 micron by theprocess of the invention.
Multiple passes can be used, if desired. Most
preferably there is only one pass of polyolefin melt
through the active screen(s). [0016] The polyolefin
can be extruded into film in a conventional extruder
adapted for that purpose. Extruders and processes for
extrusion are described in US 4,169,679 (see screw
design). Examples of various extruders, which can be
used in forming the film are a single screw type such
as one modified with a blown film die and air ring and
continuous take off equipment, a blown film extruder,
and a slot cast extruder. Twin screw extruders can
also be used. A typical single screw type extruder can
be described as one having a hopper at its upstream
end and a die at its downstream end. The hopper feeds
into a barrel, which contains a screw. At the
downstream end, between the end of the screw and the
die, is a screen pack and a breaker plate. The screw
portion of the 



extruder is considered to be divided up into three
sections, the feed section, the compression section,
and the metering section, and multiple heating zones
from the rear heating zone to the front heating zone,
the multiple sections and zones running from upstream
to downstream. If it has more than one barrel, the
barrels are connected in series. The length to
diameter ratio of each barrel is in the range of 16:1
to 30:1. The extrusion can take place at temperatures
in the range of 160 0C to 270 C, and is preferably
carried out at temperatures in the range of 180 0C to
240 C. [0017] The polyolefin as described herein is
any polymer comprising at least 50% by weight to 80%
by weight of the polymer of olefin, preferably
a-olefin derived units. Most preferably, the olefin
derived units comprise ethylene and a- olefins
selected from the group consisting of C3 to C12
a-olefins and cyclic olefins. Even more preferably,
the polyolefin described herein is a polyethylene
comprising at least 80 wt%, most preferably at least
80 wt% ethylene derived units and from 0 wt% to 20
wt%, preferably from 1 wt% to 10 wt% of a -olefin
derived units, wherein the a-olefin is selected from
the group consisting of C to C a-olefins. hi a
preferable embodiment, the polyolefin is a bimodal or
multimodal polyethylene. The term "bimodal," when used
to describe thepolyethylene composition, means
"bimodal molecular weight distribution," which term is
understood as having the broadest definition persons
in the pertinent art 



have given that term as reflected in printed
publications and issued patents. For example, a single
polyethylene composition that includes polyolefins
with at least one identifiable high molecular weight
distribution and polyolefins with at least one
identifiable low molecular weight distribution is
considered to be a "bimodal" polyolefin, as that term
is used herein. Those high and low molecular weight
polymers may be identified by deconvolution techniques
known in the art to discern the two polyolefins from a
broad or shouldered GPC curve of the bimodal
polyolefins of the invention, and in another
embodiment, the GPC curve of the bimodal polymers of
the invention may display distinct peaks with a
trough. The polyolefin may b e characterized by a
combination of features. [0018] In another embodiment,
the polyolefin is a linear low density polyethylene
(LLDPE) having a density of from 0.91 g/cm 3 to 0.93
g/cm 3 and an I 1 of from 2 g/10 min to 80 g/10 min or
100 g/10 min dg/min, and a molecular weight
distribution (Mw/Mn) of from 2 to 5. [0019] The
polyolefin possesses a density in the range of 0.91
g/cm 3 to 0.97 g/cm 3 in one embodiment, in the range
of from 0.93 g/cm 3 to 0.96 g/cm 3 in another
embodiment, and in the range of from 0.94 g/cm 3 to
0.955 g/cm 3 in yet another embodiment, wherein a
desirable density range of the polyolefin of the
invention comprise any combination of any upper
density limit with any lower 



density limit described herein. [0020] The polyolefin
can be characterized by their molecular weight
characteristics such as measured by GPC, described
herein. The polyolefin possesses a number average
molecular weight (Mn) value of from 2,000 g/mol to
70,000 g/mol in one embodiment, and from 10,000 g/mol
to 50,000 g/mol in another embodiment, and a weight
average molecular weight (Mw) of from 50,000 g/mol to
2,000,000 g/mol in one embodiment, and from 70,000
g/mol to 1,000,000 g/mol in another embodiment, and
from 80,000 g/mol to 800,000 g/molin yet another
embodiment. The polyolefin also possess a z-average
molecular weight (Mz) value ranging from greater than
200,000 g/mol in one embodiment, and from greater than
800,000 g/mol in another embodiment, and from greater
than 900,000 g/mol in one embodiment, and from greater
than 1,000,000 g/mol in one embodiment, and greater
than 1,100,000 g/mol in another embodiment, and from
greater than 1,200,000 g/mol in yet another
embodiment, and from less than 1,500,000 g/mol in yet
another embodiment; wherein a desirable range of Mn,
Mw or Mz comprises any combination of any upper limit
with any lower limit as described herein. [0021] The
polyolefin possesses a molecular weight distribution
-a weight average molecular weight to number average
molecular weight (Mw/Mn), or "Polydispersity index"
-of from greater than 30 or 40 in a preferable 



embodiment; and a range of from 20 to 250 in one
embodiment, and from 35 to 100 in another embodiment,
and from 40 to 200 in yet another embodiment, wherein
a desirable embodiment comprises any combination of
any upper limit with any lower limit described herein.
The polyolefin also possesses a "zaverage" molecular
weight distribution (Mz/Mw) of from 2 to 20 in one
embodiment, from 3 to 20 in another embodiment, and
from 4 to 10 in another embodiment, and from 5 to 8 in
yet another embodiment, and from 3 to 10 in yet
another embodiment, wherein a desirable range may
comprise any combination of any upper limit with any
lower limit. [0022] The polyolefin possess a melt
index (MI, or I2 as measured by ASTMD- 1238-E 190
C/2.16 kg) in the range from 0.01 g/10 min dg/min to
50 g/10 min dg/min in one embodiment, and from 0.02
g/10 min dg/min to 10 g/10 min dg/min in another
embodiment, and from 0.03 g/10 min dg/min to 2 g/10
min dg/min in yet another embodiment, wherein a
desirable range may comprise any upper limit with any
lower limit described herein. The polyolefin possesses
a flow index (FI or I2 1 as measured by ASTM-D-1
238-F, 190 C/21.6 kg) ranging from 2 g/10 min to 20
g/10 min in one embodiment, and from 4 g/10 min to 18
g/10 min in another embodiment, and from 4 g/10 min to
16 g/10 min in yet another embodiment, andfrom 6 g/10
min to 14 g/10 min in yet another embodiment; and a
range of from 6 g/10 min to 12 g/10 min in yet another
embodiment, wherein a desirable I2 1 range 



may comprise any upper limit with any lower limit
described herein. The polyolefm in certain embodiments
possesses a melt index ratio (I2 1/I ) of from 80 to
400, and from 90 to 300 in another embodiment, and
from 100 to 250 in yet another embodiment, and from
120 to 220 in yet another embodiment, wherein a
desirable I 1 2 range may comprise any combination of
any upper limit with any lower limit described herein.
[0023] In another embodiment, the polyolefm comprises
greater than 50 wt% by weight of the total composition
of HMW polyethylene, and greater than 55 wt% in
another embodiment, and in another embodiment, between
50 wt% and 80 wt%, and between 55 wt% and 75 wt% in
yet another embodiment, and between 55 wt% and 70 wt%
in yet another embodiment, the weight percentages
determined from GPC measurements. [0024] In the
embodiment where the polyolefin is a bimodal
polyethylene, the bimodal polyethylene can be
described in one embodiment as comprising one HMW
polyethylene and one LMW polyethylene; and in another
embodiment, the consisting essentially of one HMW
polyethylene and one LMW polyethylene. [0025] In one
embodiment, the molecular weight distribution (Mw/Mn)
of the HMW polyethylene ranges from 3 to 24, and
ranges from 4 to 24 in another embodiment, and from 6
to 18 in another embodiment, and from 7 to 16 in 



another embodiment, and from 8 to 14 in yet another
embodiment, wherein a desirable range comprises any
combination of any upper limit with any lower limit
described herein. The HMW polyethylene has a weight
average molecular weight ranging from greater than
50,000 g/mol in one embodiment, and ranging from
50,000 g/mol to 1,000,000 g/mol in one embodiment, and
from 80,000 g/mol to 900,000 g/mol in another
embodiment, and from 100,000 g/mol to 800,000 g/mol in
another embodiment, and from 250,000 g/mol to 700,000
g/mol in another embodiment, wherein a desirable range
comprises any combination of anyupper limit with any
lower limit described herein. The weight fraction of
the HMW polyethylene in the polyethylene composition
ranges may be at any desirable level depending on the
properties that are desired in the polyethylene
composition; in one embodiment the HMW polyethylene
weight fraction ranges from 0.3 to 0.7; and from 0.4
to 0.6 in another particular embodiment, and ranges
from 0.5 and 0.6 in yet another particular embodiment.
[0026] In one embodiment, the molecular weight
distribution (Mw/Mn) of the LMW polyethylene ranges
from 1.8 to 6, and from 2 to 5 in another embodiment,
and from 2.5 to 4 in yet another embodiment, wherein a
desirable range comprises any combination of any upper
limit with any lower limit described herein. The LMW
polyethylene has a weight average molecular weight
ranging from 2,000 g/mol to 50,000 g/mol in one
embodiment, and from 3,000 g/mol to 40,000 g/mol 



in another embodiment, and from 4,000 g/mol to 30,000
g/mol in yet another embodiment wherein a desirable
range of LMW polyethylene in the polyethylene
composition comprises any combination of any upper
limit with any lower limit described herein. In
another embodiment, the weight average molecular
weight of the LMW polyethylene is less than 50,000
g/mol, and less than 40,000 g/mol in another
embodiment, and less than 30,000 g/mol in yet another
embodiment, and less than 20,000 g/mol in yet another
embodiment, and less than 15,000 g/mol in yet another
embodiment, and less than 13,000 g/mol in yet another
embodiment. The LMW polyethylene has an I2 value of
from 0.1 g/10 min to 10,000 g/10 min in one
embodiment, and from 1 g/10 min to 5,000 g/10 min in
another embodiment, and from 100 g/10 min to 3,000
g/10 min in yet another embodiment; and an I2 1 of
from 2.0 g/10 min to 300,000 g/10 min in one
embodiment, from 20 g/10 min to 150,000 g/10 min in
another embodiment, and from 30 g/10 min to 15,000
g/10 min in yet another embodiment; wherein for the I2
and I values, a desirable range comprises any
combination of any upper limit with any lower limit
described herein. The I2 and I2 1 of the LMW
polyethylene may be determined by any technique known
in the art, especially when made separately and thus
individually measurable; and in one embodiment these
valuesare estimated by deconvolution of the GPC curve
and use of mathematical models known in the art. 



[0027] In the embodiment wherein the polyolefm is a
bimodal polyethylene, the bimodal polyethylene can be
produced by any technique known in the art, including
physical blending of two different molecular weight
polyethylenes or insitu reactor blending in two or
more reactors in series such as is known in the art,
or by in-situ reactor blending in a single reactor. In
one embodiment, the bimodal polyethylene is one as
described above having been produced in a single
reactor, preferably a single continuous gas phase
fluidized bed reactor, using a bimetallic catalyst
composition. Such bimetallic catalyst compositions are
known in the art and described in, for example, US
6,274,684 or US 6,875,828. In one embodiment in
particular, the bimetallic catalyst is a supported
Group 4 metallocene and Group 4 coordination compound
(e.g., [(alkyl- C6H2)NCH2CHJ 2NH) Zr(alkyl, aryl or
halide)2), and in another embodiment, the bimetallic
catalyst is a supported metallocene and vanadium or
titanium Ziegler- Natta catalyst compound, and in
another embodiment, the bimetallic catalyst is a
supported chromium based, preferably chromium oxide,
catalyst composition known to produce broad to bimodal
polyethylene compositions. [0028] In a particular
embodiment, the bimodal polyethylene useful in the
invention is made in a single continuous gas phase
fluidized bed reactor as an insitu blend of at least
one high molecular weight component and at least one
low 



molecular weight component. In one or more
embodiments, the polymerization system can include a
reactor body in fluid communication with one or more
discharge tanks, surge tanks, and recycle compressors.
In one embodiment, the reactor body includes a
reaction zone within the reactor body in fluid
communication with a velocity reduction zone,
typically at the top of the reactor body and having a
conical geometry with increasing diameter. The
reaction zone can include a bed of growing polymer
particles, formed polymer particles and catalyst
particles fluidized by the continuous flow of
polymerizable and modifyinggaseous components in the
form of make-up feed and recycle fluid through the
reaction zone. [0029] A feed stream can be directed to
enter the cycle line before the blower but may also be
at any point in the polymerization system including to
the reactor fluid bed, the expanded section or to the
cycle line before or after the cooler as depicted with
alternative feed stream location. The term "feed
stream" as used herein refers to a raw material,
either gas phase or liquid phase, used in a
polymerization process to produce a polymer product.
For example, a feed stream may be any olefin monomer
including substituted and unsubstituted alkenes having
two to 12 carbon atoms, such as ethylene, propylene,
1-butene, 1-pentene, 4-methyl-l-pentene, 1-hexene,
1-octene, 1-decene, 1-dodecene, styrene, and
derivatives thereof. The feed stream also includes
non-olefmic gas such as 



nitrogen and hydrogen. The feeds may enter the reactor
at multiple and different locations. For example,
monomers can be introduced into the polymerization
zone in various ways including direct injection
through a nozzle into the bed. The feed stream may
further include one or more non-reactive alkanes that
may be condensable in the polymerization process for
removing the heat of reaction. Illustrative
non-reactive alkanes include, but are not limited to,
propane, butane, isobutane, pentane, isopentane,
hexane, isomers thereof and derivatives thereof. Such
operation is referred to in the art as "condensed
mode" operation. [0030] The fluidized bed has the
general appearance of a dense mass of individually
moving particles as created by the percolation of gas
through the bed. The pressure drop through the bed is
equal to or slightly greater than the weight of the
bed divided by the cross-sectional area. It is thus
dependent on the geometry of the reactor. To maintain
a viable fluidized bed in the reaction zone, the
superficial gas velocity through the bed must exceed
the minimum flow required for fluidization.
Preferably, the superficial gas velocity is at least
two times the minimum flow velocity. Ordinarily, the
superficial gas velocity does not exceed 5.0 ft/s (1.5
m/s) and usually no more than 2.5 ft/s (0.75 m/s) is
sufficient.[0031] In general, the height to diameter
ratio of the reaction zone can vary in the range of
from 2:1 to 5:1. The range, of course, can vary to
larger or smaller ratios and depends upon the desired
production capacity. The cross-sectional area 



of the velocity reduction zone is typically within the
range of 2 to 3 multiplied by the cross-sectional area
of the reaction zone. [0032] The velocity reduction
zone has a larger inner diameter than the reaction
zone. As the name suggests, the velocity reduction
zone slows the velocity of the gas due to the
increased cross sectional area. This reduction in gas
velocity drops the entrained particles into the bed,
allowing primarily only gas to flow from the reactor.
That gas exiting the overhead of the reactor is the
recycle gas stream. [0033] The recycle stream is
compressed in a compressor and then passed through a
heat exchange zone where heat is removed before it is
returned to the bed. The heat exchange zone is
typically a heat exchanger which can be of the
horizontal or vertical type. If desired, several heat
exchangers can b e employed to lower the temperature
of the cycle gas stream in stages. It is also possible
to locate the compressor downstream from the heat
exchanger or at an intermediate point between several
heat exchangers. After cooling, the recycle stream is
returned to the reactor. The cooled recycle stream
absorbs the heat of reaction generated by the
polymerization reaction. [0034] Preferably, the
recycle stream is returned to the reactor and to the
fluidized bed through a gas distributor plate. A gas
deflector is preferably installed at the inlet to the
reactor to prevent contained polymer particles from 



settling out and agglomerating into a solid mass and
to prevent liquid accumulation at the bottom of the
reactor as well to facilitate easy transitions between
processes which contain liquid in the cycle gas stream
and those which do not and vice versa. An illustrative
deflector suitable for this purpose is described in US
4,933,415 and US 6,627,713.[0035] An activated
precursor composition with or without an aluminum
alkyl modifier (hereinafter collectively referred to
as catalyst) is preferably stored for service in a
catalyst reservoir under a blanket of a gas which is
inert to the stored material, such as nitrogen or
argon. Preferably, the catalyst reservoir is equipped
with a feeder suitable to continuously feed the
catalyst into the reactor. An illustrative catalyst
reservoir is shown and described in US 3,779,712, for
example. A gas that is inert to the catalyst, such as
nitrogen or argon, is preferably used to carry the
catalyst into the bed. Preferably, the carrier gas is
the same as the blanket gas used for storing the
catalysts in the catalyst reservoir. In one embodiment
the catalyst is a dry powder and the catalyst feeder
comprises a rotating metering disk. In another
embodiment the catalyst is provided as a slurry in
mineral oil or liquid hydrocarbon or mixture such as
for example propane, butane, isopentane, hexane,
heptane or octane. An illustrative catalyst reservoir
is shown and described in WO 2004/094489. The catalyst
slurry may be delivered to the reactor with a carrier
fluid, such as, for example, nitrogen or argon or a 



liquid such as for example isopentane or other C3 to
C8 alkane. It is possible to modify the catalyst
during delivery to the reactor along the feed addition
line with the aluminum alkyl modifiers, which are
described elsewhere herein. [0036] The catalyst is
injected at a point into the bed where good mixing
with polymer particles occurs. For example, the
catalyst is injected into the bed at a point above the
distributor plate. Injecting the catalyst at a point
above the distribution plate provides satisfactory
operation of a fluidized-bed polymerization reactor.
Injection of the catalyst into the area below the
distributor plate could cause polymerization to begin
there and eventually cause plugging of the distributor
plate. Injection directly into the fluidized bed aids
in distributing the catalyst uniformly throughout the
bed and tends to avoid the formation of localized
spots of high catalyst concentration which can cause
"hot spots" to form. An activator and/or modifier
compound (e.g., an aluminum alkyl compound, a
non-limiting illustrative example of which is triethyl
aluminum), can also be added to the reaction system
either directly into the fluidized bed or downstreamof
the heat exchanger, in which case the modifier is fed
into the recycle system from a dispenser. [0037] The
polymerization reaction is conducted substantially in
the absence of catalyst poisons such as moisture,
oxygen, carbon monoxide and acetylene. However, oxygen
can be added back to the reactor at very low
concentrations to 



alter the polymer structure and its product
performance characteristics. Oxygen may be added at a
concentration relative to the ethylene feed rate to
the reactor of 10 ppbv to 600 ppbv, and more
preferably 10 ppbv to 500 ppbv. [0038] In order to
achieve the desired density ranges in the copolymers
it is necessary to copolymerize enough of the
comonomers with ethylene to achieve a level of 0 wt%
to anywhere from 5 wt% to 10 wt% of the comonomer in
the copolymer. The amount of comonomer needed to
achieve this result will depend on the particular
comonomer(s) being employed, the activation
temperature of the catalyst and its formulation. The
ratio of the comonomer to ethylene should be
controlled to obtain the desired resin density of
copolymer product. [0039] A gas analyzer can be used
to determine the composition of the recycle stream and
the composition of the make-up feed stream and can b e
adjusted accordingly to maintain an essentially steady
state gaseous composition within the reaction zone.
The gas analyzer can be a conventional gas analyzer
that determines the recycle stream composition to
maintain the ratios of feed stream components. Such
equipment is commercially available from a wide
variety of sources. The gas analyzer may be positioned
to receive gas from a sampling point located between
the velocity reduction zone and heat exchanger. [0040]
The rate of polymer production in the bed depends on
the rate of catalyst 



injection and the concentration of monomer(s) in the
reaction zone. The production rate is conveniently
controlled by adjusting the rate of catalyst
injection. Since any change in the rate of catalyst
injection will change the reaction rate and thus the
rate at which heat is generated in the bed,
thetemperature of the recycle stream entering the
reactor is adjusted to accommodate any change in the
rate of heat generation. This ensures the maintenance
of an essentially constant temperature in the bed.
Complete instrumentation of both the fluidized bed and
the recycle stream cooling system is, of course,
useful to detect any temperature change in the bed so
as to enable either the operator or a conventional
automatic control system to make a suitable adjustment
in the temperature of the recycle stream. [0041] Under
a given set of operating conditions, the fluidized bed
is maintained at essentially a constant height by
withdrawing a portion of the bed as product at the
rate of formation of the particulate polymer product.
Since the rate of heat generation is directly related
to the rate of product formation, a measurement of the
temperature rise of the fluid across the reactor (the
difference between inlet fluid temperature and exit
fluid temperature) is indicative of the rate of
particulate polymer formation at a constant fluid
velocity if no or negligible vaporizable liquid is
present in the inlet fluid. [0042] On discharge of
particulate polymer product from gas phase fluidized 



bed reactor body, it is desirable and preferable to
separate fluid from the product and to return the
fluid to the recycle line. There are numerous ways
known to the art to accomplish this separation. In one
or more embodiments, fluid and product leave the
reactor body and enter the product discharge tanks
through valve, which may be a ball valve designed to
have minimum restriction to flow when opened.
Positioned above and below the product discharge tank
are conventional valves. The valve allows passage of
product into the product surge tanks. Another
preferred product discharge system which may b e
alternatively employed is that disclosed and claimed
in US 4,621,952. Such a system employs at least one
(parallel) pair of tanks comprising a settling tank
and a transfer tank arranged in series and having the
separated gas phase returned from the top of the
settling tank to a point in the reactor near the top
of the fluidized bed.[0043] The fluidized-bed reactor
is equipped with an adequate venting system to allow
venting the bed during start up and shut down. The
reactor does not require the use of stirring and/or
wall scraping. The recycle line and the elements
therein should be smooth-surfaced and devoid of
unnecessary obstructions so as not to impede the flow
of recycle fluid or entrained particles. [0044] The
conditions for polymerizations vary depending upon the
monomers, catalysts and equipment availability. The
specific conditions are known or readily derivable by
those skilled in the art. For example, the
temperatures are within the 



range of from -10 C to 120 C, often 15 C to 110 C.
Pressures are within the range of from 0.1 bar (10
kPa) to 100 bar (10 MPa), such as 5 bar (500 kPa to 50
bar (5 MPa), for example. Additional details of
polymerization can be found in US 6,627,713. [0045]
Once the polyolefm is isolated, it can b e blended
with certain additives as is known in the art.
Conventional additives, which can b e introduced into
the polyolefm, are exemplified by antioxidants,
ultraviolet absorbers, antistatic agents, pigments,
dyes, nucleating agents, fillers, slip agents, fire
retardants, plasticizers, processing aids, lubricants,
stabilizers, smoke inhibitors, viscosity control
agents, and crosslinking agents, catalysts, and
boosters, tackifiers, and anti-blocking agents. Aside
from the fillers, the additives can b e present in the
blend in amounts of 0.01 parts by weight to 10 parts
by weight of additive for each 100 parts by weight of
polymer blend. Fillers can be added in amounts up to
200 parts by weight and more for each 100 parts by
weight of the polyolefin. [0046] In one embodiment, an
oxidizing agent is also added during the melting step
as a reactive component with the polyolefin. In this
aspect of the methods described herein, the polyolefm
is extruded with an oxidizing agent, preferably
oxygen, as disclosed in WO 2003/047839. In one
embodiment, from 0.01 SCFM (standard cubic feet per
minute) (0.00028 SCMM (standard cubic meter per 



minute)) or 0.1 SCFM (0.0028 SCMM) or 1 SCFM (0.028
SCMM) to 14 SCFM (0.40 SCMM) or 16 SCFM (0.45 SCMM) of
oxygen is added to the polyolefmduring extrusion to
form pellets, the exact amount depending upon the type
of extruder used and other conditions. Stated
alternately, from between 2% by volume and 21% by
volume of oxygen in an inert gas such as nitrogen is
introduced to the extruding polymer composition in one
embodiment. In one embodiment, enough oxygen is added
to the extruder to raise the W I value of the
polyethylene composition from the reactor(s) by from
1% to 40%, and from 5% to 25% in another embodiment.
The polyolefm pellets produced therefrom are then used
to extrude the films of the invention in a separate
line, for example, an Alpine line. [0047] The
resultant polyolefm, having been filtered, with or
without additives, can be processed by any suitable
means for forming films: film blowing or casting and
all methods of film formation to achieve, for example,
uniaxial or biaxial orientation such as described in
PLASTICS PROCESSING (Radian Corporation, Noyes Data
Corp. 1986). In a particularly preferred embodiment,
the polyolefin is formed into films such as described
in the FILM EXTRUSION MANUAL, PROCESS, MATERIALS,
PROPERTIES (TAPPI, 1992). Even more particularly, the
films are blown films, the process for which is
described generally in FILM EXTRUSION MANUAL, PROCESS,
MATERIALS, PROPERTIES pp. 16-29, for example. 



[0048] Any extruder suitable for extrusion of a LLDPE
(density between 0.91 g/cm and 0.925 g/cm 3) or HDPE
(density greater than 0.940 g/cm 3) operating under
any desirable conditions for the polyethylene
compositions described herein can be used to produce
the films. Such extruders are known to those skilled
in the art. Such extruders include those having screw
diameters ranging from 30 mm to 150 mm in one
embodiment, and from 35 mm to 120 mm in another
embodiment, and having an output of from 100 lb/hr (45
kg/hr) to 1,500 lb/hr (680 kg/hr) in one embodiment,
and from 200 lb/hr (91 kg/hr) to 1,000 lb/hr (454
kg/hr) in another embodiment. In one embodiment, a
grooved feed extruder is used. The extruder may
possess a L/D ratio of from 80:1 to 2:1 in one
embodiment, and from 60:1 to 6:1 in another
embodiment, and from 40:1 to 12:1 in yet another
embodiment, and from 30:1 to 16:1 in yet another
embodiment.[0049] A mono or multi-layer die can be
used. In one embodiment a 50 mm to 200 mm monolayer
die is used, and a 90 mm to 160 mm monolayer die in
another embodiment, and a 100 mm to 140 mm monolayer
die in yet another embodiment, the die having a
nominal die gap ranging from 0.6 mm to 3 mm in one
embodiment, and from 0.8 mm to 2 mm in another
embodiment, and from 1 mm to 1.8 mm in yet another
embodiment, wherein a desirable die can be described
by any combination of any embodiment described herein.
In a particular embodiment, the advantageous specific
throughputs claimed herein are 



maintained in a 50 mm grooved feed extruder with an
L/D of 21:1 in a particular embodiment. [0050] The
temperature across the zones of the extruder, neck and
adapter of the extruder ranges from 150 0C to 230 0C
in one embodiment, and from 160 C to 210 C in another
embodiment, and from 170 0C to 190 C in yet another
embodiment. The temperature across the die ranges from
160 C to 250 C in one embodiment, and from 170 0C to
230 0C in another embodiment, and from 180 C to 210 C
in yet another embodiment. [0051] The quality of the
films of the present invention can b e characterized
by the composite gel count, as described herein. The
films have a gel count of less than 100 in one
embodiment, and a gel count of less than 60 in another
embodiment, and a gel count of less than 50 in another
embodiment, and a gel count of less than 40 in yet
another embodiment, and a gel count of less than 35 in
yet another embodiment. Described alternately, the
films of the present invention have a FAR ("film
appearance rating", visual comparison test to known
standards) value of greater than +20 in one
embodiment, and greater than +30 in another
embodiment, and greater than +40 in yet another
embodiment. [0052] Thus, the compositions and
processes of the present invention can be described
alternately by any of the embodiments disclosed
herein, or a 



combination of any of the embodiments described
herein. Embodiments of theinvention, while not meant
to be limiting by, may be better understood by
reference to the following examples. EXAMPLES [0053]
For all the examples, the first table shows conditions
for the original extrusion of polyethylene granules
into pellets. For each example, the intent was to hold
the extrusion conditions constant, varying only the
screen mesh used. However, varying screen mesh causes
some changes in other process data, for example, in
G/P (Gear Pump) discharge pressure. The second table
shows the extrusion conditions used as the
polyethylene pellets were converted into film and the
gel-count data on that film. [0054] The quantity of
"gels", or gel "rating", was determined using an OCS
Gel Counting Apparatus. The OCS Gel Counting Line
consists of the following pieces of equipment: 1)
Brabender Extruder with a 0.75 inch (19 mm) 20:1 L/D
compression screw 2) Adjustable film slit die 3) OCS
model FS3 4) Killion chill roll and a film take-up
system. The OCS system evaluates slightly over 1.0 m2
of film per test. The targeted film 



thickness is 76.2 mim (0.003 inch or 3.0 mil). The OCS
Model FS3 camera has a resolution of 7 mm and reads a
film width of 12 mm and the system identifies 10 class
sizes of gels as listed below: 7 mm to 54 mm, 55 mm to
100 mm, 101 mmto 200 mm 201 mm to 300 mm, 301 mm to
400 mm, 401 mm to 500 mm, 501 mm to 600 mm, 601 mm to
800 mm, 801 mm to 1600 mm, greater than 1600 mm.The
OCS system, at the completion of each test, generates
a summary of the gel data per 1.0 m2 of film. A
composite gel count is reported. This rating is
calculated as: Composite gel count - 0.1 x Gel Count
(101 mm to 200 mm) + 1.0 x Gel Count (201 mm to 500
mm) + 10 x Gel Count (Gels greater than 501 mm). This
composite gel count roughly approximates how a film
customer will react to 



gels in the film, with lower "Composite Gel counts"
being better. The "Composite Gel count" uses a higher
penalty for larger gels, because they are more visible
and more likely to cause problems in the final product
usage. EXAMPLE 1. Compares 20 mesh, 200 mesh, and
staged 325 mesh. Polyethylene granules were extruded
into pellets either without any additives, or and
blended with the following additives ("Formula A"):
Irganox-1010 0.1500 wt% Irgafos-168 0.1500 wt% Zinc
Stearate 0.0500 wt% These pellets were used to form
the films. General conditions for the extrusion into
pellets are as follows:  Barrel temperature set point,
180 0C. . Ambient feed temperature.  Less than 1% by
volume oxygen.  Mixer speed, 220 rpm. . Mixer feed
rate, 410 lb/hr (186 kg/hr). . Gate position, 5% open.
. Melt pump suction pressure, 7 psig (48 kPa). Screen
changer with a 4.5 inch ( 114 mm) diameter the breaker
plate. See Tables 1 and 2 for the conditions of
pelletizing and film extrusions, 



respectively. Figure 1 shows the gel count results.
Data for 20 mesh were from a single condition, data
for 200 mesh are the average of 8 conditions and 8
gels counts, data for triple 325 mesh are the average
of 2 conditions and 2 gel counts. See Table 1 for an
exact description of the screen packs used. For
example, the "triple 325" screenpack used 20 mesh then
100 mesh then 325 mesh then 325 mesh then 325 mesh
then 100 mesh then 20 mesh screens in series, with the
coarser screens providing mechanical support for the
fine and mechanically weak 325 mesh screens. Compared
to prior art, 200 mesh performed better than expected.
[0055] Samples 1, 2 and 3 each correspond to bimodal,
high density polyethylene copolymers (1-hexene or
1-butene derived comonomer units) having a density of
from 0.948 g/cm 3 to 0.952 g/cm 3, and an I2 1 of from
7 g/10 min to 11 g/10 min dg/min, and an Mw/Mn of
between 40 and 100, each produced in a single
continuous gas phase fluidized bed reactor using a
bimetallic catalyst system producing intimately
blended low and high molecular weight copolymers, the
low molecular weight portion having a weight average
molecular weigh of from 5,000 g/mol to 30,000 g/mol,
and the high molecular weight portion having a weight
average molecular weight of from 80,000 g/mol to
150,000 g/mol. EXAMPLE 2. Compares no screen, 200
mesh, and staged 250 mesh. See 



Example 1 for a description of the additives used to
form the pellets and general extrusion conditions. All
data are from single extended extrusion conditions.
See Tables 3 and 4 for the conditions of pelletizing
and film extrusions, respectively ("G/P" refers to
gear pump). Figure 2 shows the gel count results.
Surprisingly, a single 200 mesh screenpack (20 / 100 /
200 / 100 / 20) reduced gels as well as a screenpack
with two 250 mesh screens (20 / 100 / 250 / 100 / 250
/ 100 / 20).EXAMPLE 3. Compares no screen, 100 mesh,
150 mesh, 200 mesh, and staged 250 mesh. See Example 1
for a description of the additives used to form the
pellets and general extrusion conditions. All data are
from single extended extrusion conditions. The 100
mesh and 150 mesh performed surprisingly well. See
Tables 5 and 6 for the conditions of pelletizing and
film extrusions, respectively. Figure 3 shows the gel
count results. EXAMPLE 4. Shows screen pack pressure
rise is low during extended, stable run with 200 mesh
screenpack. Granule sample number 3 was run for a
total of 14.25 hours over 4 days, using a screenpack
consisting of 20 / 100 / 200 / 100 / 20 mesh in
series. The 20 mesh filters are passive. See Table 7
for the pelletizing conditions and Figure 4 for the
pressure rise history. Gear pump discharge pressure
increased from 3105 psi (21,7 MPa) to 3446 psi (23.8
MPa), which is 24 psi (165 kPa) per hour of operation
or only 0.8% per hour of operation. This is
commercially acceptable and shows the benefit of using
relatively coarse screens 



to reduce gels. [0056] From these data, it can be seen
that mesh sizes of 200 mesh, 150 mesh and 100 mesh
(about 70 to about 210 micron size) are particularly
useful as active screens in removing gels from
polyolefins, especially in bimodal polyethylenes.
Surprisingly, it has been found that just one such
screen is useful, and two to three are particularly
useful, while at the same time operations can take
place such that acceptably low backpressures are
maintained, as shown in Figure 4.Table 1. Example
I-Granule Extrusion and Screening ConditionsTable 2.
Example 1--FiIm Extrusion Conditions and Gel Count
DataTable 3. Example 2~Granule Extrusion and Screening
ConditionsTable 4. Example 2--FiIm Extrusion
Conditions and Gel Count DataTable 5. Example
3--Granule Extrusion and Screening ConditionsTable 6.
Example 3--FiIm Extrusion Conditions and Gel Count
DataTable 7. Example 4~Granule Extrusion and Screening
ConditionsTable 7. Example 4--Granule Extrusion and
Screening Conditions (Continued)Table 7. Example
4--GranuIe Extrusion and Screening Conditions
(Continued)Table 7. Example 4-Granule Extrusion and
Screening Conditions (Continued)CLAIMS What is claimed
is: 1. A process of producing a polyolefin comprising:
(a) providing a polyolefin having an I 1 value of from
2 g/10 min to 100 g/10 min and a density of from 0.91
g/cm3 to 0.97 g/cm3; (b) forming a melt of the
polyolefin and passing the polyolefin through one
active screen filter having a mesh size of from 70
micron to 200 micron at a mass flux of from 5
lb/hr/square inch (3,500 kg/hr/m2) to 100 lb/hr/square
inch (70,000 kg/hr/m2); (c) isolating the polyolefin
having passed through the screen filter. 2. The
process of claim 1, wherein the polyolefin is a
polyethylene having an I2 1 of from 4 g/10 min to 20
g/10 min and a density of from 0.93 g/cm3 to 0.96
g/cm3. 



3. The process of claim 1 or claim 2, wherein the
polyethylene has a molecular weight distribution
(Mw/Mn) ranging from 20 to 100. 4. The process of any
one of the preceding claims, wherein the polyolefin is
formed into a film possessing a composite gel count
ranging from less than 50. 5. The process of any one
of the preceding claims, the mass flux ranges from 10
lb/hr/square inch (3,500 kg/hr/m2) to 50 lb/hr/square
inch (35,000 kg/hr/m2) . 6. The process of any one of
the preceding claims, wherein the active screen filter
possesses a mesh size of from 70 micron to 150
micron.7. The process of any one of the preceding
claims, wherein the formation of the melt of the
polyolefin and the passing of the polyolefin through
one screen filter is accomplished through an extruder
having a gear pump, and wherein the gear pump
discharge pressure increases by less than 25% from the
starting pressure per 24 hours of continuous output.
8. The process of any one of the preceding claims,
wherein there are one or more passive screens to
reinforce the active screens. 9. The process of any
one of the preceding claims, wherein the melt is also
blended prior to passing through the screen. 10. The
process of any one of the preceding claims, wherein
the polyethylene 



is a bimodal polyethylene produced in a single
continuous gas phase fluidized bed reactor. 11. A
process of producing a polyethylene comprising: (a)
providing a polyethylene having an I2 1 value of from
2 g/10 min to 100 g/10 min and a density of from 0.91
g/cm3 to 0.97 g/cm3; (b) forming a melt of the
polyethylene and passing the polyethylene through one
or more active screen filters having a mesh size of
from70 micron to 200 micron at a mass flux of from 5
lb/hr/square inch (3,500 kg/hr/m2) to 100 lb/hr/square
inch (70,000 kg/hr/m2); (c) isolating the polyethylene
having passed through the screen filter. 12. The
process of claim 11, wherein the polyethylene has an
I2 1 of from 4 g/10 min to 20 g/10 min and a density
of from 0.93 g/cm3 to 0.96 g/cm3.13. The process of
claim 11, wherein the polyethylene has an I2 of from 2
g/10 min to 80 g/10 min and a density of from 0.91
g/cm3 to 0.93 g/cm3. 14. The process of any one of
claims 11-13, wherein the polyethylene has a molecular
weight distribution (Mw/Mn) ranging from 20 to 100.
15. The process of any one of claims 11-13, wherein
the polyethylene has a molecular weight distribution
(Mw/Mn) ranging from 2 to 5. 16. The process of any
one of claims 11-15, wherein the polyethylene is
formed into a film possessing a composite gel count
ranging from less than 



50. 17. The process of any one of claims 11-16,
wherein the mass flux ranges from 10 lb/hr/square inch
(7,000 kg/hr/m2) to 50 lb/hr/square inch (35,000
kg/hr/m2). 18. The process of any one of claims 11-17,
wherein the active screen filter possesses a mesh size
of from 70 micron to 150 micron. 19. The process of
any one of claims 11-18, wherein the formation of the
melt of the polyethylene and the passing of the
polyethylene through the one or more screen filter(s)
is accomplished through an extruder having a gear
pump, and wherein the gear pump discharge pressure
increases by less than 25% from the starting pressure
per 24 hours of continuous output. 20. The process of
any one of claims 11-19, wherein there are one or more
passive screens to reinforce the active screens. 21.
The process of any one of claims 11-20, wherein the
melt is also blended prior to passing through the
screen.22. The process of any one of claims 11-21,
wherein the polyethylene is a bimodal polyethylene
produced in a single continuous gas phase fluidized
bed reactor. 


