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BRRE 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,
Diisseldorf 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 with
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[0005] One aspect of the invention is directed to a process of producing a
polyolefin, in a preferred embodiment a bimodal polyethylene comprising a high
molecular weight component and a low molecular weight component, the process
comprising providing a polyolefin having an I value of from 2 g/10 min to 100
/10 min and a density of from 0.91 g/cm® to 0.97 g/ecm®; followed by 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
Ib/hr/square inch (3,500 kg/hr/m?) to 100 Ib/hr/square inch (70,000 kg/hr/m?); and
isolating the polyolefin having passed through the screen filter. In one
embodiment, the polyolefin is a polyethylene having an Ir; of from 4 g/10 min to
20 g/10 min and a density of from 0.93 g/cm’ to 0.96 g/cm’.

[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 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/cm3 ; 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 Ib/hr/square inch (3,500 kg/hr/m®)
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[0009]  The process of the present invention includes melt blending a polyoleﬁn,
preferébly 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 polyolefin 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 than
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[0011]  The blending step is followed by passing the polyolefin 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 polyolefins 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 polyolefin 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%,
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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, Bquivalents 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 polyolefin melt is passed through the screen(s) at a mass flux in the
range of 5 Ib/hr/square inch (3,500 kg/hr/m?) to 100 Ib/h/square inch (70,000
kg/ht/m?) of active screen, and more preferably from 10 Ib/hr/square inch (7,000
kg/hr/m?) to 80 Ib/ht/square inch (56,000 kg/hr/m?) of active screen, and most
preferably at a mass flux in the range of 30 Ib/hr/square inch (21,000 kg/hr/m?) to
50 Ib/hr/square inch (35,000 kg/hr/m®) 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 the
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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 °C to 270 °C, and is preferably carried out at temperatures in the range of

180 °C 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 o-
olefins selected from the group consisting of Cs to Cy, 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 o, -olefin
derived units, wherein the a-olefin is selected from the group consisting of Cy4 to
Cs o-olefins. In a preferable embodiment, the polyolefin is a bimodal or

multimodal polyethylene. The term “bimodal,” when used to describe the
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[ 0015] The poI yolef n melt is passed t hr ough the

ﬁ)%iﬁ en(I%) aBbth8r err?bodfnlngn tlﬁet IBglyoleﬁn is a linear low density
polyethylene (LLDPE) having a density of from 0.91 g/cm? to 0.93 g/em’ and an
I; of from 2 g/10 min to 80 g/10 min or 100 g/10 min dg/min, and a molecular
weight distribution (My/M,,) of from 2 to 5.

[0019]  The polyolefin possesses a density in the range of 0.91 g/cm’ to 0.97
g/em’® in one embodiment, in the range of from 0.93 g/em® to 0.96 g/em’ in
another embodiment, and in the range of from 0.94 g/cm® to 0.955 g/em’ 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/mol
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wherein a desirable embodiment comprises any combination of any upper limit
with any lower limit described herein. The polyolefin also possesses a “z-
average” molecular weight distribution M /M) 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 (M1, or I, as measured by ASTM-
D-1238-E 190 °C/2.16 kg) in the range from 0.01 g/10 min dg/min to 50 2/10 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 Io; as measured by ASTM-D-1238-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, and
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[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/Mﬁ) 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 any
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g/cm3 and an | 1 of from2 ¢g/10 mn to 80 g/ 10 min or
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@éamali to Y Ol00 g/mml mll’onarwnﬁodlmamt 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 I, 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 I; 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
I, and Ip; values, a desirable range comprises any combination of any upper limit
with any lower limit described herein. The I, and I,; 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 values
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embodiment in particular, the bimetallic catalyst is a supported Group 4
metallocene and Group 4 coordination compound (e.g., [(alkyl-
C,H,)NCH,CH,],NH}Zr(alkyl, aryl or halide),), 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 in-
situ 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 modifying
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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.
Mlustrative 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.
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[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 be 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
ﬂuidizgd 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.
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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 Cs to Cg 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 downstream
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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 be 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, the
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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 be 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.



nol ecul ar wei ght conponent. In one or nore
enbodi nents, the polynerization systemcan include a
wo e@cos2spody in fluid communi cati on with one PCT/DB2086/038506
di scharge tanks, surge tanbﬁ, and recycl e conpressors.
I n one enbodi nent, the reactor body includes a
reaction zone within the reactor body in fluid
communi cation with a velocity reduction zone,
typically at the top of the reactor body and having a
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non-ol efm c gas such as

[0045]  Once the polyolefin is isolated, it can be blended with certain additives
as is known in the art. Conventional additives, which can be introduced into the
polyolefin, 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 be 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 polyolefin 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 polyolefin



ni trogen and hydrogen. The feeds may enter the reactor

at multiple and different |ocations. For exanple,
WORWoNER2S8 can be introduced into the pol yneri zBtT/O82006/038506

zone in various ways includipg direct injection

t hrough a nozzle into the bed The feed stream may

further include one or nore non-reactive al kanes t hat

may be condensable in the polynerization process for

renovi ng the heat of reaction. Illustrative
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e Cross- sec ar ea.

as %em@mheﬁ rembb&mmo nEhe poblefingetlen préduced ﬁldifﬁirdih atenthen
a viable fluidized bed in the reacti on zone, the

?fb?q exirude thestilpey of the inveRtiang i e HeP¥ats Hastioresupple, an
%hg E.rmmflowreqwredfor fluidization.

]fnera ly, the superficial gas velocity is at |east
tvvo times the m ni mum fl ow velocity. Ordinarily, the

bl RSB SR B i e
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rati o of he reacti on zone can vary In t he range of
fand mllzmmthpds of fllmTﬁJemramrg@o agdfiexsy fow examgple, vainyial or biaxial

SPistateT HEE apadreBdriE PSS ERER SHRR" g adfen” Corpittin,
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/cm3 and 0.925 g/cm’) or HDPE (density greater than 0.940 g/cm’) 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 Ib/hr (680 kg/hr) in one
embodiment, and from 200 lb/hr (91 kg/hr) to 1,000 Ib/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.



of the velocity reduction zone is typically within the
range of 2 to 3 nultiplied by the cross-sectional area
w@boorkss26eact i on zone. [0032] The vel ocity redRPCT/U8006/038506
zone has a |arger inner di ter than the reaction
zone. As the nanme suggests, the velocity reduction
zone slows the velocity of the gas due to the
i ncreased cross sectional area. This reduction in gas
vel ocity drops the entrained particles into the bed,
allowing primarily only gas to flow fromthe reactor.
That gas exiting the overhead of the reactor is the
[0esycl & mgﬁo st makiHayp0dis 3hn Hbesede dyaine estbodanerts 50 mm to
conpressed in a conpyessor _and th assed, t hrough a
H0apmenenplge dEds 355t ang.2 RAZI 3 1P 0 Ay EWNBlap S de i angher
&@Joﬂﬁrﬁ%ﬂyﬁrgl ELIU?) B8 1108 AERIJRNRARAR yEPRRAE embodiment,

typl ca eat exchanger I ch can bé of the
therdie drtvalg ar nueingl cid ghypranging ftemi P&dmrs eteeB ainthdatone

exchanger s n b eml qyed to | gwer the tenper [
Sraace, erElgmD Eribane s apeder prbpEnRE RISt §yam
a4 RERIEyd: BRI RARESAENINNBRTY LaMhBIeWid b RaBbcribed by
exchanger” or at an internedi ate poi nt between several

dnyatcombirtating e . angf terbodinerit ngesctihed rargial e &t reapariigular

returned tg the reactor. The-co r C r .
%eI%CB{HB r(&[ hgleh Adva etfigs?,o(lelg of %cﬁﬁ% eﬁ%(?%hgﬁ%%yél?ﬁ%ﬁ 9RMin are
RenyRid mal $Emn erRoed feed [A03ddr vAtebe LaDlof 21t1he a particular
recycle streamis returned to the reactor and to the
¢mbddimgrtd bed through a gas distributor plate. A gas
defl ector is preferably installed at the inlet to the
reactor to prevent contained polynmer particles from
[0050] The temperature across the zones of the extruder, neck and adapter of

the extruder ranges from 150 °C to 230 °C in one embodiment, and from 160 °C
to 210 °C in another embodiment, and from 170 °C 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 °C to 230 °C 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 be 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.

[00s2]  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 the



settling out and agglonerating into a solid mass and
to prevent |iquid accunul ation at the bottom of the

wo eachssas well to facilitate easy transiti onBCHES200€088506
processes whi ch contain qui&i d in the cycle gas stream
and those which do not and Vice versa. An illustrative
defl ector suitable for this purpose is described in US
4,933,415 and US 6, 627, 713. [ 0035] An acti vated
pr ecursor conposition with or w thout an alum num
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pesser voor allsths Irwmnpbs,dthde&tst tabbad shqwmrﬁljtm fot 2he prginal

exan‘gl e.. Hﬂl s that Pglﬁ %}iﬂ?% E ee@ 8"%8?11"5/&‘% %ter?tswas

fbaflélhytﬁte éxﬂhﬁoh rh%n@ﬁi@ns %Bﬁsftﬁ{tabﬁﬁymgt CtBE I'scfken GA&sh! Ssed.
the same as the bl anket gas used for sforing the

HaW&Vt\;rsWsrymg s¢reen: atesh yauses semevabpnges|in Gher prbesdidetastfor

?a,t lgls %t fe(%?aé?)l llﬁlg}s %%Cﬁ Sk gpargsgsuteh € ﬁg ‘ggéé%latta]glg %HS&JS the
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m neral oil or ydrocarbon or m xture such as

fb@rgebsa@rmﬂétawdb@%ém but ane, isopentane, hexane,

hept ane or octane. An illustrative catal yst reservoir
i s shown and described in WO 2004/094489. The catal yst
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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 m? of film per test. The targeted film
thickness is 76.2 pm (0.003 inch or 3.0 mil). The OCS Model FS3 camera has a
resolution of 7 um and reads a film width of 12 mm and the system identifies 10

class sizes of gels as listed below:

7 pm to 54 pm,

55 um to 100 pm,
101 pm to 200 pm
201 pm to 300 pm,
301 pm to 400 pum,
401 pm to 500 pm,
501 pm to 600 pm,
601 um to 800 pm,
801 pum to 1600 pm,
greater than 1600 pm.



liquid such as for exanple isopentane or other C3 to

C8 al kane. It is possible to nodify the catal yst
waleoornsp2eel | very to the reactor al ong the feedPedts10060838506

line with the al um num al kyE nodi fiers, which are

descri bed el sewhere herein. 10036] The catal yst is

injected at a point into the bed where good m xi ng

with polynmer particles occurs. For exanple, the

catalyst is injected into the bed at a point above the

di stributor plate. Injecting the catalyst at a point

above the distribution plate provides satisfactory

e i on, of fluidized-hed.polynerization react.qr.
RRFERE Selh ofts Bublplor B AREitd A S R Rl Ble e
ditg et DOLSroNHIR €A eoupekiteebouRPlsyeBurtedatinratifg Regi n
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in distributing the catalyst uniformy throughout the
bed and tends to avoid the formation of |ocalized
SPpaipssied gdlicgihtcat al y i1 £oRLeaintatd10amwb 200 nggn cause
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can be added back to the reactor at very |ow
e Elely 40 ¢anse praplems 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 °C.
« Ambient feed temperature.

« Less than 1% by volume oxygen.

« Mixer speed, 220 rpm.

« Mixer feed rate, 410 Ib/hr (186 kg/hr).
« Gate position, 5% open.

« Melt pump suction pressure, 7 psig (48 kPa).



alter the polymer structure and its product

performance characteristics. Oxygen nay be added at a
w@onces2eati on relative to the ethyl ene feed retEUS06/038506

the reactor of 10 ppbv to 609 ppbv, and nore

preferably 10 ppbv to 500 ppbv. [0038] In order to

achi eve the desired density ranges in the copol yners

it is necessary to copol ynerize enough of the

conmononers with ethylene to achieve a level of 0 wt%
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t he copol ynmer.” The anount of conononer need
achieve this result will depend on the particul ar
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cil ocity reduction zone and heat exchanger. [0040]

The rate of polynmer production in the bed depends on
the rate of catalyst

[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® to 0.952 g/cm?, and an I, of from 7 2/10 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).



i njection and the concentration of nononer(s) in the

reacti on zone. The production rate is conveniently
weonwrosd2bed by adjusting the rate of catal yst PCT/US2006/038506

i njection. Since any changeyxin the rate of catal yst

injection wll change the reaction rate and thus the

rate at which heat is generated in the bed,

thetenperature of the recycle streamentering the

reactor is adjusted to accommopdate any change in the
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BesseUre icaerseh EPymBI0S msb e I8 ML bish 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.
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Ind. Transition Temperature, °C 1200.0 1200 1200
G/P Discharge Pressure, psig (MPa) 2052.5 (14.2) 3739.8( 25.8) 4336.4 (29.9)
G/P Discharge Temperature, °C 195.7 201.6 205.2
G/P Speed, rpm 5.1 7.3 8.6
G/P Current, amps 34.1 51.6 57.3
G/P Volumetric Efficiency, % 89.2 62.4 53.6
G/P Fill Factor 0.146 0.2105 0
Gross G/P Power, kw 3.3 6.4 8.3
G/P Torque, in-Ib (N-m) 711 (80) 1027 (116) 1136 (128)
G/P Power, kw 2.3 4.8 6.3
G/P SEI, hp-hr/lb (kw-hr/kg) 0.0075 (0.0124) | 0.0157 (0.0259) | 0.0204 (0.0337)
Calculated Delta Temperature, °C 8.4 19.0 26.1
Die Pressure, psig (MPa) 1537.2 (10.6) 1568.5 (10.8) 1459.7 (10.1)
Ind. Die Melt Temperature, °C 225.9 225.0 225.6
Sereen Mesh - 1 Bolt 20 20/100{22000/100/ 2021205(;/130205//23025/




range of from-10 Cto 120 C, often 15 Cto 110 C
Pressures are within the range of fromO0.1 bar (10
WaBay/05125400 bar (10 MPa), such as 5 bar (500 REHUSWO&HEBI506

bar (5 MPa), for exanple. Additional details of

pol ymerization can be found in US 6,627, 713. [0045]

Once the polyolefmis isolated, it can b e bl ended

with certain additives as is known in the art. _
Conventional additives, which can b e introduced into
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) ; ) gt angrnoreforgacn—1o0—parfs—m
B e B 1 00481 2 ohe SRbodilrend?s an

| PP iigEHPY)i s al so added et BAY | hetL 87 i nig 06¢7&p)

NTC TTOT T

g 5 Dig disetagt inVlEteﬂﬁHmﬁéleOtl Wi t h t hlezlsgol ypl e%‘n. I n tf gS

aPRRRL ik LHEETAs eSTri et fprerr—t je—potyoistm

ok IR SEipoiay YT abred n \> 2003/ B47B3p. 13 ond. 28

e hbersiomRait Specklscypir®. fQin GRFM) ( st andasy culvicodedt 1p@ros)

N it Bckdeld, BLRL8 SCMM (standard eubi cf Metgr per .,
Chill roll gap Open Open Open
Chill roll follower gap Open Open Open
Screen pack instalied None None None
Air curtain used ('Y [SCFM]/N) Y Y Y
OCS Film Clarity, % 22.5 22.2 23
OCS Grey Level 150 150 150
Total Gels, avg/m® 4769 2694 2997
size /[micron], 7 to 54 3954 2095 2529
size /[micron], 55 to 100 564 474 394
size /[micron], 101 to 200 197 118 64
size /[micron], 201 to 300 35 3 7
size /[micron], 301 to 400 9 2 1
size /[micron], 401 to 500 2 0 1
size /[micron], 501 to 600 7 1 0
size /[micron], 601 to 800 0 0 1
size /[micron], 801 to 1600 2 0 0
size /[micron], GT 1600 0 0 0

Composite gel count 156 27 25




m nute)) or 0.1 SCFM (0.0028 SCMV) or

SCW to 14 SCFM (0.40 sSCwW or .
wo@z200g0e53258% added to the pol yol ef nduri ng extr usPONUS®06/038506

form pellets,
of extruder
al ternately,

emboTapR/B. . Exdmple2-hadid Bxi-usifn aHd S choen
to the extruder to raise the WI

1 SCFM (0. 028

16 SCFM (0. 45 SCW) of

t he exact anoypnt dependi ng upon the type

used and ot her

condi ti ons.

St at ed

from between 2% by volunme and 21% by
vol une of oxygen in an inert gas such as nitrogen is
i ntroduced to the extruding polynmer conposition in one

val ue of

ﬁﬁ{cbﬁdﬁi‘éﬂﬁd 4

ek Xembe ene conposition [T om yhe Tedctor(g) by JTom ¢
EWankiPsafPIy _and 11 0m 59 T 257 JF1T anoyher  epooti et w2
RIS T sl 2 Y5 e 0 T A MDA AT
T S AN A 50 NS WA Uil D e
MixerSpeed. L’ﬁ.“\'iﬁ' PRGN Y74 PP D SOSRETX N STy,
a; I:Q TCI@PAS‘?W f “:- 0 be y nniﬁogln taple 1800
f E@ﬂwmw6fnrn1nn filoms: lfilmbowing or odstingland 59
| OFyeemEqng 5 $4pph % | | m for nt i on &% achileve. Olor _exhmpl 0.1
Qrvessorr- -Aeedlopsel. 80 ori ert at | oh? such|as ddsbcribef in 04
| PrEgTas -PROCESS| NG (Radilan Cot-bor atifon, Mdyes Data 0.1
Bred pemp1.986) . I n_a particdl arl poprefelfred enbodi nent, 20.8
€l P obmiey/Bpf anrGNIB °d or med |i nt 03971 ns $uch mg.sdescfi bedos.7
Mixet Treque) ib-M (BX)RUSI ON MANUAL740RIROGESH, IMNDERNALS| 17686 (1998)
PREPERE dnTofqldRWl , 1992) .| Evenspore partiigsl arTy| [ Néss0
Cul mmen@olQm T1TNs, THe proggss T or Wigh 1S 47.0
Nﬁée‘éESEI 0L CorgRNBUBNY (Mov-hilkgh TL WIS (63459 . 248 (0.2483)
| B R AL Rmp TR Polgie bES PP.| 10- 28,4 | OF |EXATILE. 254.0
Gate Indicated Temperature, °C 191.2 191.5 191.9
Ind. Discharge Polymer Temp., °C 241.9 2423 242.8
Ind. Transition Temperature, °C 1200.0 1200.0 1200.0
G/P Discharge Pressure, psig (MPa) 2092.8 (14.4) 3135.5 (21.6) 3642.2 (25.1)
G/P Discharge Temperature, °C 201.7 202.7 204 .4
G/P Speed, rpm 5.5 6.5 7.2
G/P Current, amps 33.0 43.0 46.4
G/P Volumetric Efficiency, % 82.7 70.0 63.2
G/P Fill Factor 0.158 0.187 0.207
Gross G/P Power, kw 3.7 5.5 6.4
G/P Torque, in-1b (N-m) 695.2 (79) 880.8 (100) 973.7 (110)
G/P Power, kw 2.4 3.6 44
G/P SEI, hp-hr/Ib (kw-hr/kg) 0.0079 (0.0130) 0.0119 (0.0196) 0.0145 (0.0239)
Calculated Delta Temperature, °C 9.1 13.6 171
Die Pressure, psig (MPa) 1421.2 (9.80) 1442.0 (9.94) 1437.1 (9.91)
Ind. Die Melt Temperature, °C 225.2 2254 225.5
Screen Mesh - 1 Bolt None 20/ 100/22000/ 100/ 20/2 1500(;/12(.]50(;/21000/




[0048] Any extruder suitable for extrusion of a LLDPE

(density between 0.91 g/cmand 0.925 g/cm 3) or
W@ d@nss2ys great er than 0.940 g/ cm 3) oper at i ngPCMNTWE2006/038506

any desirable conditions fopythe polyethyl ene
conpositions described herein can be used to produce
the films. Such extruders are known to those skilled

in the art.

di aneters ranging from30 mmto 150 nmin one
enb quiibieat Examgld 2-0mim ExitFisich ¢eRdifidht And @ (dant Data

HDPE

Such extruders include those having screw

enbodi nent, and having an output of from 100 | b/hr (45
kc;hggt)qu;ngerl 500 I b/ hr (680 k¢/ hr )4 [ nOBne gLrboc |“r_n3r1;t
B A A A T PR O T O N T
gf doveedefipsE, Sopointddetuils used. T36 ext r udas mgy 235
POSEEEmprd ddpombkisenal from 80: Isko 2t 1 bes ong 235
B S T A O RS (AL I DT
enissdgEtore.anel from 30: 1 to 162§yin et 2BRAot Her 2736
eriBadkl aR¢hbref DEGRssufe, pEIDPEY  MUBY 9b@Y B 13 7di(E505 4N 3BE(9.96)
1 el W QAR AMBRMENC A SO ML, 200 mHfonqraysy
N B Eaht and A 00 W GAD1) A AT AUAED
di| ®id discheede n@hGidpentuefoodi nent, t1¥e diep ha¥ing|a 247
ng '@hﬂ@x‘wa@@r%mﬁéﬂuré S e rrom0. 660’“‘” th 3 dm | 1} ONgo
i T R R 7T AR M A AP
endogionBal Spevdrﬁemo@ntrﬁt/mlrd@ériﬁn)abl 40 6i08) canita0Bedcrp Bad)
by Famyhidkadinfladn On of any enbodiggnt descgsi bed heggln
{hfgwga{a guL?;,ﬁTSOEL?EPL nr?eC%uvan AgERTS :pe%bllb

Chill ol follower gap Open Open Open

Screen pack installed None None None

Air curtain used ( Y [SCFM]/N) N N N

OCS Film Clarity, % 22.8 23 23

OCS Grey Level 150 150 150

Total Gels, avg/m® 3313 2729 1646

size /[micron], 7 to 54 2650 2217 1355

size /[micron], 55 to 100 519 473 265

size /[micron], 101 to 200 99 38 22

size /[micron], 201 to 300 20 2 4

size /[micron], 301 to 400 15 0 0

size /[micron], 401 to 500 2 0 0

size /[micron], 501 to 600 2 0 0

size /[micron], 601 to 800 4 0 0

size /[micron], 801 to 1600 0 0 0

size /[micron], GT 1600 0 0 0

Composite gel count 107 6 6




mai ntained in a 50 nmm grooved feed extruder with an

L/D of 21:1 in a particular

enbodi

ment .

[0050] The

WO 0vpesRsjr e acr oss the zones of the extruder, PEETK20861088506

adapter of the extruder rangges'from 150 0C to 230 0OC
and from160 C to 210 C in another
and from 170 OC to 190 Cin yet another

The tenperature across the die ranges from

in one enbodi ne
enbodi nent,
enbodi nent .

nt,

160 Cto 250 C in one enbodi nent,

230 OC in anoth

er

enmbodi nent

i N yehpRMUDRImBIRBOL:

films of the priesent

I nventil on can

and from

170 0OC to

and from 180_ Cto 210 C
rARiie EX(PRs1d4 aﬁg @c%%hié @oﬂéitibﬂﬁ

e characteril ze

Test Nuniyer t N€ conposi tje gel coupt, &S degcribgd Ngrerm 1ne 11
GranulesTain] lgrs_ nav? a (¢ ; COLFTC O ie;ﬁf Itnan f.:#g T Ll OTTe B | #3
Feod Ratk AU ol 24T 16F I T0q186) 1= AI0TIRD 0l 1410 TIRG) 1 410 (186)
Additive Formalation~ ", ' = | Z‘an.A::fH;Foﬁl:;.Ai ‘e’ ; qu?ﬁ& ;,j,, , qu‘ﬁég‘ "I Form. A
MixerSpgé%ib?‘fﬁ;;'“;l‘ hodinent 209nd b adP-Loukt 898 esd t nZR0a5 | 2196
Barrol O, [, Se P Compt o @f@i"d R 5’,1é 0hed|al {/80Rar dly %8s 180.0
GatePOS‘Ll"xiPrh%h of the pr esent? i nvent i A _have adBAR (" fi B 5.2
Oxyeen Contediralic® ratilng",0%i suhl c®fparilsonest [t o Kown 0.2
Oxygen gHenrey, i ue ofO-freater #han 120 03 one 03 03
Oxygen Gompodemht , andl gredt er [ han0430 iin aldt her 0.3 0.2
Feed Tenpnf¥odi ment , and gr éater [ hareo40 iin yzt9 andt hero4 20.8
Cal. Polyapdiiaohp.roe GMP, {0 0[52] 33Bl8us, | t he4Dnp@si tuens gdnd 340.9 345.4
Mixer TogjueGelbgean) of t hie1sposasen) | 139¢eaBo1pn 1688 (I1es)deseda (DBsh | 16099 (1819)
Mixer PodeloMB@hedky DY [any 305 T hp enidadi mgnt sS4 SCT[0S€dp 3 41.0
Cal. Powét®h @brijue, B¥ A 40.3 41.3 41.3 41.1 41.8
Mixer SEI on Torque, hp-hr/lb 0.1291 0.1325 0.1322 0.1317 0.1341
(kw-hr/kg) (0.2130) (0.2181) (0.2181) (0.2173) (0.2213)
Cal. Polymer Temp. on Torque, 215.3 220.3 220.5 219.2 223.9
°C
Gate Indicated Temperature, °C 164.5 165.3 163.6 1654 165.7
Ind. Discharge Polymer Temp., °C 225.1 226.6 2253 226.3 226.1
Ind. Transition Temperature, °C 193.8 192.9 190.9 189.8 189.5
G/P Discharge Pressure, psig 2017.1 (13.9) | 2603.2 (18.0) | 3033.0 (20.9) | 3164.8 (21.8) | 3667.9 (25.3)
(MPa)
G/P Discharge Temperature, °C 198.5 199.0 200.1 199.6 200.5
G/P Speed, rpm 5.6 5.5 6.1 6.2 6.9
G/P Current, amps 33.3 41.0 41.0 46.3 48.1
G/P Volumetric Efficiency, % 81.2 82.7 74.5 73.3 65.9
G/P Fill Factor 0.161 0.158 0.175 0.178 0.198
Gross G/P Power, kw 3.5 4.2 5.1 54 6.6
G/P Torque, in-lb (N-m) 734.2 (83) 839.2 (95) 903.2 (102) | 936.2(106) | 1029.9 (116)
G/P Power, kw 2.6 2.9 3.5 3.7 45
G/P SEI, hp-hr/lb (kw-hr/kg) 0.0085 0.0096 0.0114 0.0120 0.0147
(0.0140) (0.0158) (0.0188) (0.0198) (0.0243)
Calculated Delta Temperature, °C 104 10.8 13.0 13.8 174
Die Pressure, psig (MPa) 1529.9 (10.6) | 1637.4 (11.3) | 1483.5 (10.2) | 1548.2 (10.7) | 1593.4 (11.0)
Ind. Die Melt Temperature, °C 225.2 224.3 225.4 224.4 225.5
Screen Mesh - 1 Bolt None 20/100/20 20/100/ 20/100/200/ | 20/100/250/
150/100/20 100/20 100/

250/100/20




conmbi nation of any of the enbodi nents descri bed
whi | e not neant

her ei n.
WO e00®33288M t i ng by,

Embodi ments of thei nventi on,
may be better

reference to the follow ng 2(=9xarrpl es.

For all
for the original
into pellets.

t he exanpl es,

For each exanpl e,
t he extrusion condi ti ons const ant,

EXAMPLES [ 0053]

the first table shows conditions
extrusi on of polyethyl ene granul es
the intent was to hold
varying only the

under st ood bRCT/US2006/038506

3¢ 35h1e auﬁ@g SRR KR bl i SRI GIPEHufAY 2GS
sone C anges . elr process dat a I exarrp e, 1In
TesNumbg o e ot tbston | congh et ohe ubed do the 1 W [ 1
Zone 1 TempSCySetonipt e feiabel | et 4 wetd cohverdidd ilnt 02k | mlandhe 215
Zone 2 Tem§eL; Se@point & daha on that fdsl m | [0038] The gimantiity 36 235
Die Temp, &?eltpiunt &%Etu:gell\hhivail .n.g 235WaS ﬂitzﬁifn n?d n??ﬂnggl an 4465 235
CoUTTTCT Y P oS IIIC p o | GOUTIt 1 1TTY rhe

EXtmderSpE“érf?’inst s of the foI I owLﬁ& pi =ce550mc equi lr?r%nt 1) 30 30
Extruder ToBughepnder Extruder Wit80o22 0. V5 2%6h ({19 288y 20: 1 "2p80D 2914
Barrel discha30REIERSLANpROMVEW 2)| 1284 &%h)a 18691 (1d. 17 [Shd4b (@553;31)18%) 1484 (10.2)
e A RS IR VS S N A N T I
Die pressurq;f)sq M™MPa) per test. THel 123¢7gér ed 130 (F.A) | 1123 (7 .74) 1153 (7.95) | 1125(7.76)
Die discharge melt temperature, °C 247 248 248 247 247
Chiller water temperature setpoint, °C 60 60 60 60 60
Chill rolls setpoint, % motor speed 28 28 28 28 28
Tension Roll Speed setpoint, ft/min (m/min) 10 (3.05) 10 (3.05) 10 (3.05) 10 (3.05) 10 (3.05)
Film thickness, micron 63 63 63 63 63
Chill roll gap Open Open Open Open Open
Chill roll follower gap Open Open Open Open Open
Screen pack installed None None None None None
Air curtain used (Y [SCFM]/N) Y Y Y Y Y
OCS Film Clarity, % 23.1 22.6 23.2 232 23.3
OCS Grey Level 150 150 150 150 150
Total Gels, avg/m’ 2716 2022 2214 1646 1408
size /[micron], 7 to 54 2192 1684 1719 1388 1211
size /[micron}, 55 to 100 404 294 415 236 177
size /[micron], 101 to 200 95 35 73 22 20
size /[micron], 201 to 300 18 4 4 0 0
size /[micron], 301 to 400 2 0 0 0 0
size /[micron], 401 to 500 2 2 2 0 0
size /[micron], 501 to 600 2 2 0 0 0
size /[micron], 601 to 800 0 0 0 0 0
size /[micron], 801 to 1600 0 0 0 0 0
size /[micron], GT 1600 0 0 0 0 0
Composite gel count 52 30 13 2 2




The OCS

gener at es

1.0 n2 of film A

dat a per

is reported. This rating is

count

FS3 canmera has a resolution of 7 nm and reads a
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sizes of gels as listed below. 7 mmto 54 mm 55 mMmto

100 mm 101 nmmto 200 nmm 201 mmto 300 mMmm 301 nmto
400 mMm 401 mmto 500 nm 501 mmto 600 mm 601 nmto

800 mMm 801 mmto 1600 nmm greater than 1600 mm The

OCS system at the conpletion of each test,

a summary of the gel
conposite gel

thickness is 76.2 mm (0.003 inch or 3.0 ml).
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an

dat a

results.

count

See Table 1 for

8 condi ti ons PEMUS2006/038506

counts.

data for triple 325 nesh are the average

the "triple 325" screenpack used 20 nmesh then

20 mesh were froma single condition,

100 nesh then 325 nesh then 325 nesh then 325 nesh

then 10
coarser |3
fine anp

exact description of the screen packs used. For
to priof

respectively. Figure 1 shows the gel
of 2 conditions and 2 gel

gel s counts,

bet$ween| 4(F &
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corf i nupuss

hi gh deps
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1- buteng
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bi niet al |3
bl &ded|
| ovg
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ancg t hevh
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1567 000
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walai0a/053268 f r om si ngl e ext ended extrusi on condi PEDNS2006/038506
results.

refers to
a single 200 nmesh screenpack (20 / 100 /

as a screenpack

extrusi on condi tions.
count

respectively ("G P"

Figure 2 shows the gel
reduced gels as well

punp) .

Exanple 1 for a description of the additives used to
Sur pri si ngly,

and fil m extrusions,

200 / 100 / 20)

See Tables 3 and 4 for the conditions of pelletizing
gear

formthe pellets and general
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to reduce gels. [0056] Fromthese data, it can be seen
that mesh sizes of 200 nmesh, 150 nesh and 100 nesh
W@ 2090053250 t o about 210 micron size) are partiPRCi/E81006/038506
useful as active screens in%renoving gels from
pol yol efi ns, especially in binodal polyethylenes.
Surprisingly, it has been found that just one such
screen is useful, and two to three are particularly
useful, while at the sane tinme operations can take
uch that acceptably |ow backpressures are

ﬁ%?%@g?ned as shown in Figure 4. Table 1. Exanple
EQQ an gxtru5|on and Screening ConditionsTable 2.

1% F'I m Ext r usi on Cbndltlons and Gel Count

taTabl e a Ex rysion and Screening
gndl &P%%"'?%BF@OQR"%%@ ﬂ: n h t rusi on
Condi tions and CGel Count Dat aTabI e 5. Exanple

3--Ganul e Extrusi on and Screenlng CbndltlonsTabIe 0.
Exanpl@ 3- prvidingatolglein bones en dnsvaiyoicEpmch gnt0 min to

Conai 11 ons{ S0 PA0 P Epd HhAS nBﬁ“Z'%n’?"&?’.%gﬁ LR "

Screeni ng Condi tions (Cbntlnued)TabIe 7. Exanple

4- -G anule Extru3|on nd Screepi ng, Condi t

( ont (Bue dforame: meltel Ay B B PEBEROES et hroveh
Screeni ng Gpndide me&cﬁl%'lﬁk}&%)%%z%frérﬁ 70 Rl to
is: 1. A process of producing pol yol efin conpri sing

(a) provi d2o@ micpwl gokeahhss flaviofgfrem $1hﬂm@qm@eoﬂd1(h500

2 010, T DR AT Ry SR o

pol yol efin and passing the polyolefin through one
active screen filter having a nmesh size of from 70

ni crofe)t o Zotntine dhapelzelefn hugag passed Broughdhe screen filter,

| b/ hr/square inch (3,500 kg/hr/n2) to 100 | b/ hr/square
inch (70,000 kg/hr/nmR); (c) isolating the polyolefin
havi nThpassesk dftulaitgh wheeeis ﬁ{eqmiycﬂbﬁﬁ &ra pdyethiylene having an
process aof claiml, wherein the polyolefin

Dol y elgt &R AEATI 10210 in e marngm el o Uy g’ to
gjlggw%g%}gaa density of from0.93 g/cnB to 0.96
g/c

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 Ib/hr/square inch (3,500 kg/hr/mz) to 50 Ib/hr/square inch (35,000
kg/hr/m?).

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.



3. The process of claim1 or claim2, wherein the
pol yet hyl ene has a nol ecul ar wei ght distribution

W@ M7 AF3R5% angi ng from 20 to 100. 4. The procesBCDUSANG038506
one of the preceding clainmss wherein the polyolefinis
formed into a filmpossessing a conposite gel count
ranging fromless than 50. 5. The process of any one
of the preceding clains, the nmass flux ranges from 10
| b/ hr/square inch (3,500 kg/hr/n2) to 50 | b/hr/square
inch (35,000 kg/hr/n2) . 6. The process of any one of
the preceding clainms, wherein the active screen filter
PosseTbeprogesseghangione ofthe preesdits elpimss whegsin gre formation of

mcrop. 7. ,Th r ocess,of . Oof '

ol ai e THEPE R PEOROR et BERing of B8 1HEHY, Boueh one
pol yok@édnnfilgdtds b@niplishédirdvigh tthexpadotdaefrgn gdur gugp, and
one screen filter is acconplished through an extruder

havi nyhereipethe geamymmdiacharge Py Ikeacigas bydess than 25% from
di schgr ' SR 25% fromthe
start?ﬁ%ﬁgﬁégéﬁggg%ggegjﬁﬁou#2%3¢ coﬁkpﬁﬂ%us out put .

8. The process of any one of the preceding clains,
wherein there are one or_ nore passjve scaeens

to
Bei nf She 7R Acanynes e REcodng pirEmpy, Wherew here g one or
one o g&ggas%@%a%&% GLiftoi®o thehgiR fardele Mel't is al so

bl ende lor to passing through the screen. 10. The
process of any one of the preceding clains, wherein

bh © psﬂmg %trcpc%lssegfe 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 I value of from 2 g/10 min to
100 g/10 min and a density of from 0.91 g/em’ to 0.97 g/em’;

(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 Ib/hr/square

inch (3,500 kg/hr/m®) to 100 Ib/hr/square inch (70,000 kg/hr/m?);
©) isolating the polyethylene having passed through the screen filter.

12.  The process of claim 11, wherein the polyethylene has an I, of from 4
g/10 min to 20 g/10 min and a density of from 0.93 g/em’ 0 0.96 g/em’.



is a binodal polyethylene produced in a single
conti nuous gas phase fluidized bed reactor. 11. A
wWee@ces®sof produci ng a pol yethyl ene conpri si nBCT/{18)006/038506
providing a pol yethyl ene ha éng an 12 1 value of from
2 g/10 mn to 100 g/10 mn and a density of fromO0.91
g/cnB to 0.97 g/cnB; (b) formng a nelt of the
pol yet hyl ene and passi ng the pol yethyl ene t hrough one
or nore active screen filters having a nesh size of

firoNv f,nf1L.0

i RS oyil%%‘ﬂ bR oo o 2
i nch @/®, 0o kRY/Zt0 mﬁ) and xJenisitp bAfromg).9 hg/cpotty 919li3g|’cem3
havi ng passed through the screen filter. 12. The
process of claim 11, wherein the pol yethyl ene has an

h4. 1 ahefdiQuBsd ofhaP offt Bf EElﬁQIQII%O%ﬁ1@% polfl@Rylehd has a
of from0.93 g/c to 0.96 g/cnB . The process” of

cl ai modculdravaight dnmbtnwm;(étwwxérren@ag frgm 2Ptodtf00f r om 2
g/10 minto 80 ¢g/10 mn and a density of fromO0.91

g/cnB to 0.93 g/cnB. 14. The process of any one of

akai mMrhdprdckss vWhane| lofie toh clapab Y ety dkfeih @fe foliEth@end Bls a
wei ght di'stribution {@;an ing from 20 to 100.

15. THo ﬁﬁ%%@g%glﬁfdl%w aﬁmnaimw tagher ei n

t he pol yet hyl ene has a nol ecul ar wei ght distribution
(MM M) ranging from2 to 5. 16. The process of any

qge Ofrhgl @b@&s]@f A oHORTedlAndshe1-P9] WRERH @Re pbFethylene is
0]

formed i a fil mpossessing a conp03|te gel coun

r angi dgrnfaddniol sk pegsassing 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 Ib/hr/square inch (7,000 kg/hr/m?) to 50 1b/hr/square inch (35,000
kg/hr/m?).

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.



50. 17. The process of any one of clains 11-16,
wherein the mass flux ranges from 10 | b/ hr/square inch
W@ 2000083288)/ hr/ m2) to 50 | b/ hr/square i nch (35, BODUS2006/038506

kg/ hr/nm2). 18. The process gf any one of clainms 11-17,
wherein the active screen filter possesses a nesh size

of from70 mcron to 150 mcron. 19. The process of

any one of clainms 11-18, wherein the fornmation of the
nelt of the polyethyl ene and the passing of the

I
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punp, bmmmﬂa\hﬁpeb)ethlyldnb probred puapinglesendingaispgas pheseciluidized
increggﬁs Iess than 25% fromthe starting pressure
per 28° I.of continuous output. 20. The process of
any one of clains 11-19, wherein there are one or nore
passive screens to reinforce the active screens. 21.
The process of any one of clainms 11-20, wherein the
melt is also blended prior to passing through the
screen. 22. The process of any one of clains 11-21,
wherei n the pol yethylene is a binodal polyethyl ene
produced in a single continuous gas phase fl uidized
bed reactor.



