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A PROCESS FOR EXTRUSION
Abstract of the Disclosure

A process for the extrusion of polyethylene having a broad
molecular weight distribution wherein the polyethylene is prepared in
pellet form, said extrusion taking place in a pelletizing extruder
having one or more zones essentially filled with polyethylene and two
or more zones partially filled with polyethylene including a feed zone
comprising

(1) introducing the polyethylene into the extruder at a
temperature sufficient to melt the polyethylene; (11) introducing a
mixture of an inert gas and oxygen into at least one partially filled
zone with the exception of the feed zone, said mixture containing about
1 to about 21 percent by volume oxygen based on the volume of the
gaseous mixture; (ii1) passing the molten polyethylene through each
zone at melt temperature; and (1v) extruding the polyethylene into
pellets and cooling same.
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A PROCESS FOR EXTRUSION

This application i1s a continuation-in-part of application serial
number 08/671,166 filed on June 26, 1996.

Technical Field

This invention relates to a process for the extrusion of
polyethylene into pellets useful in the production of blown film.

Background Information

Ziegler-type catalysts have undergone development over the
years to improve the economy and quality of various polyethylene
products. This development has tended towards narrowing the
molecular weight distribution of the resin; however, narrow molecular
welght distributions are not desirable for blown film resins, 1.e., the
narrow molecular weight distribution does not improve the
processability of the resins into blown film in terms of bubble stability.
Rather, bubble stability 1s a characteristic of broad molecular weight
distribution resins.

A particularly good technique for producing broad molecular
weight distribution polyethylenes is through the use of a two stage
polymerization process similar to those mentioned in United States
patents 5,047,468 and 5,149,738. Briefly, this process 1s one for the in
situ blending of polymers wherein an ethylene copolymer is prepared
1n a high melt index reactor and an ethylene copolymer 1s prepared in
a low melt index reactor, the two reactors being connected in series.
The process typically comprises continuously contacting, under
polymerization conditions, a mixture of ethylene and one or more
alpha-olefins with a catalyst system in two gas phase, fluidized bed
reactors connected 1n series, said catalyst system comprising: (i) a
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supported magnesium/titanium based catalyst precursor; (1) an
aluminum containing activator compound; and (111) a hydrocarbyl
aluminum cocatalyst, the polymerization conditions being such that an
ethylene copolymer having a melt index 1n the range of about 0.1 to
about 3000 grams per 10 minutes 1s formed in the high melt index
reactor and an ethylene copolymer having a melt index in the range of
about 0.001 to about 1 gram per 10 minutes is formed 1n the low melt
index reactor, each copolymer having a density of about 0.860 to about
0.965 gram per cubic centimeter and a melt flow ratio in the range of
about 14 to about 70, with the provisos that:

(a) the mixture of ethylene copolymer matrix and active
catalyst formed in the first reactor in the series 1s transferred to the
second reactor in the series:

(b) other than the active catalyst referred to in proviso (a) and
the cocatalyst referred to in proviso (e), no additional catalyst 1s
introduced into the second reactor;

(¢) 1n the high melt index reactor:

(1) the alpha-olefin is present in a ratio of about 0.02 to
about 3.5 moles of alpha-olefin per mole of ethylene; and

(2) hydrogen is present in a ratio of about 0.05 to about 3
moles of hydrogen per mole of combined ethylene and alpha-olefin;

(d) 1n the low melt index reactor:

(1) the alpha-olefin is present in a ratio of about 0.02 to
about 3.5 moles of alpha-olefin per mole of ethylene; and

(2) hydrogen is, optionally, present in a ratio of about
0.0001 to about 0.5 mole of hydrogen per mole of combined ethylene
and alpha-olefin; and

(e) additional hydrocarbyl aluminum cocatalyst 1s introduced
into the second reactor in an amount sufficient to restore the level of

activity of the catalyst transferred from the first reactor to about the
initial level of activity in the first reactor.
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While the resins produced by these two stage processes can be
turned into products having superior mechanical strength and other
advantageous physical and chemical characteristics, the resins
generally do not achieve a high level of bubble stability.

It is well known that one way to achieve this characteristic is to
tailor the broad molecular weight distribution resin after it 1s
produced. Tailoring is simply controlled light crosslinking, which can
be used in the fabrication of fibers, films, molded products, and the like
to provide products having excellent physical and chemical properties
for particular applications. It is often achieved by the use of additives,
which are homogenized, alloyed and/or combined with the resin
through various extrusion/mixing/pelletizing systems. In many cases,
the additive is a critical factor in the commercial success of the final
product.

Useful tailoring additives are free radical generators such as
organic peroxides and oxygen. Unfortunately, excessive amounts of
free radical generators can cause chain scission, which 1s characterized
by a rupture of chemical bonds in the backbone and side chains of the
polymer. The result is a decrease in the solid state strength of the
resin product. Thus, the amount of free radical generator must be
carefully controlled. In addition, organic peroxides increase operating
costs because of the cost of the peroxides; additional equipment needed
to safely handle the peroxides; and the presence of undesirable by-
products, particularly when the tailored polymer will be used 1n FDA
applications. In the case of oxygen tailoring, when melt temperatures
become to high, the solid state strength of the blown film becomes
unacceptably low. Also, high amounts of oxygen, e.g., 21 percent based
on the volume of the gases used in extrusion systems, are often
required due to the design of the equipment. But too much oxygen in
the presence of unmelted polymer 1n the form of granules or powders
can lead to dust explosions.
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Disclosure of the Invention

An object of this invention, therefore, 1s to provide a process for
the tailoring of broad molecular weight distribution polyethylene
whereby processability is enhanced in terms of bubble stability and
high solid state strength i1s achieved in blown film while avoiding the
drawbacks of the organic peroxides, and the high melt temperature
and dust explosion problems of oxygen. Other objects and advantages
will become apparent hereinafter.

According to the present invention such a process has been
discovered. The process i1s one for the extrusion of polyethylene having
a broad molecular weight distribution wherein the polyethylene 1s
prepared in pellet form, said extrusion taking place in a pelletizing
extruder having one or more zones essentially filled with polyethylene
and two or more zones partially filled with polyethylene including a
feed zone comprising (1) introducing the polyethylene into the extruder
at a temperature sufficient to melt the polyethylene; (11) introducing a
mixture of an inert gas and oxygen into at least one of the partially
filled zones other than the feed zone, said mixture containing about 1
to about 21 percent by volume oxygen based on the volume of the
gaseous mixture; (111) passing the molten polyethylene through each
zone at melt temperature; and (1v) extruding the polyethylene into
pellets and cooling same.

Description of the Preferred Embodiment(s)

As noted, the polyethylene is preferably produced in two staged
reactors connected in series wherein a mixture of resin and catalyst
precursor is transferred from the first reactor to the second reactor in
which another copolymer is prepared and blends 1n situ with the
copolymer from the first reactor. The polyethylene can also be
produced in one reactor as described, for example, 1in United States



CA 02255246 1998-12-08

D-17422-1

Patent 4,302,565, or in three or more reactors provided that a broad
molecular weight distribution polyethylene 1s made by the process.

The resin can be extruded into pellets 1n a conventional extruder
adapted for that purpose. Extruders and processes for extrusion are
described in United States patents 4,814,135; 4,857,600; 5,076,988;
and 5,153,382. Examples of various extruders, which can be used in
forming the pellets are single screw and multiscrew types. A typical
pelletizing extruder can be illustrated by a two stage twin screw
melter/mixer with a feed section and a vent section, a gear/pump, a
pelletizing device, and various other sections. Another typical
pelletizing extruder can be 1llustrated by a two stage single screw
extruder. Thus, the term "extruder", as used in this specification, is
considered to include conventional extruders and mixers, both of which
are adapted to form pellets. A typical single screw type extruder can
be described as one having a hopper at i1its upstream end and a die at
1ts downstream end. The hopper feeds into a barrel, which contains a
screw. At the downstream end, between the end of the screw and the
pellet forming die, 1s a screen pack and a breaker plate. The screw
portion of the two stage extruder 1s considered to be divided up into
many sections, a feed section, a compression section, a metering
section, which is followed by another feed section or a vent section,
another compression section, a final metering section, and multiple
heating sections from the rear heating section to the front heating
section, the multiple heating-sections running from upstream to
downstream. There can be one or more vent sections. If the extruder
has more than one barrel, the barrels are connected in series. The
length to diameter ratio of typical single screw extruders is in the
range of about 16:1 to about 36:1, and the length to diameter ratio of
typical twin screw mixers is in the range of about 5:1 to about 30:1.

In the process of this invention, the extrusion is carried out at a
temperature sufficient to melt the resin. The extrusion generally takes
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place at temperatures in the range of about 140 to about 320 degrees
C, and 1s preferably carried out at temperatures in the range of about
160 to about 280 degrees C. The temperature in the extruder is also
sufficient to maintain the resin in the molten state until the pellets are
formed and cooled.

In twin screw mixer/gear pump extrusion systems, which are
typically starved fed, i.e., the feed section is partially filled, polymer
temperature can be controlled by controlling the speed of the mixer, by
adjusting feed rate, by adjusting mixing/temperature/resid’énce time
control devices, 1.e., commercially available control devices uniquely
designed by each twin screw manufacturer which are commonly
referred to as "gate position" in Kobe™ LCM twin screw mixers, "slot
position" in JSW™ CMP twin screw mixers, etc., and by adjusting gear
pump suction pressure, United States Patent 4,452,750. Typically,
increasing speed, decreasing feed rate, closing "mixing" control devices,
and increasing gear pump suction pressure increases polymer
temperature for a given type and grade of polymer. Further,
experience has shown that physical properties such as density, melt
index, and flow index affect polymer temperatures. In most cases, as
density increases, melt index decreases, flow index decreases, melt
flow ratio decreases and molecular weight distribution decreases,
polymer temperatures increase. Inlet feed temperature of resin being
processed also has an effect on polymer temperature, In general, as
inlet feed temperature increases, polymer temperature increases. It
should be noted that in high capacity twin screw mixers, barrel metal
temperature has only a minor effect on polymer temperature. This
phenomenon 1s due to the low overall heat transfer coefficient of
polymers, 1.e., polymers are typically good 1nsulators.

In two stage single screw extruders, which are typically flood
fed, 1.e., the feed section is essentially filled with particulate
(unmolten) polymer, temperature control is typically adjusted by screw
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speed, extruder discharge pressure and barrel temperatures. In
contrast to high capacity twin screw mixers, the overall capacity of
single screw extruders i1s much lower on a rate to barrel diameter basis
and therefore barrel temperature control has an increased effect on
polymer temperature.

In flood fed extruders, although the feed section is filled with
particulate polymer, typically in granular or pellet form, the gaseous
mixture can still be successfully introduced due to the porosity of the
particulates. In fact, depending on the design of the feed séétion, the
flow rate of the gaseous mixture may need to be controlled to insure
that the particulates in the feed section are not inadvertently fluidized,
possibly reducing the overall capacity of the extruder.

For the purposes of this specification, the zones of the pelletizing
extruder have been divided into essentially filled zones and partially
filled zones. The "essentially" filled zones are those sections of the
extruder that are almost completely filled with polyethylene, usually
in the molten state. The "partially" filled zones are those sections of
the extruder that are partially filled with polyethylene. In the feed
section, the polyethylene is in particulate form. In other sections, the
polyethylene is generally in a molten state. The term "partially"” filled
means that about 5 to about 95 percent of the zone (on a volume basis)
is filled with polyethylene. Preferably about 5 to about 40 percent of
the zone is filled, and most preferably about 10 percent of the zone 1s
filled with polyethylene. In starved fed extruders, the partially filled
zones are generally the feed and vent sections or zones. The zones,
other than the partially filled zones, are operated as essentially filled
Zones.

The atmosphere in at least one of the partially filled zones with
the exception of the feed zone is a mixture of an inert gas (such as
nitrogen) and oxygen wherein the oxygen can be present 1n the range
of about 1 to about 21 percent by volume based on the volume of the
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gaseous mixture, and is preferably in the range of about 1 to about 4
percent by volume. The preferred method for controlling the oxygen
concentration is by continuously mixing air and nitrogen via flow
control valves to achieve the desired oxygen concentration and
continuously replenishing the partially filled sections with the newly
made gas mixture.

In order to reduce the cost and keep the tailoring operation as
simple as possible, which, in turn, usually improves the overall
operation, like gaseous mixtures can be simultaneously infroduced into
each partially filled zone. Alternatively, depending on the degree of
tailoring required, gaseous mixtures with higher or lower oxygen
concentrations can be separately introduced into each partially filled
zone.

It will be understood that the design and operation of each
extrusion system will depend on the resin to be processed, the desired
through-put rates, and the desired properties of the ultimate product.
In general, however, the design and operation will be conventional
provided that the requirements of subject invention are met.

The polyethylene used in the process of the invention generally
has a broad molecular weight distribution, which can be reflected in an
Mw/Mn ratio of about 2 to about 44, preferably about 10 to about 30.
Mw is the weight average molecular weight; Mn i1s the number average
molecular weight; and the Mw/Mn ratio can be referred to as the
polydispersity index, which is a measure of the breadth of the
molecular weight distribution.

As noted above, the process of the invention enhances the bubble
stability of the polyethylene while maintaining acceptable solid state
strength of the blown film in terms of dart drop strength.

High speed extrusion bubble stability is an important factor in
blown film extrusion processes. A blown film extrusion process 1s one
in which molten polymer is forced through an annular die to form a
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continuous cylindrical tube. Outside the die, the tube is blown out to a
larger diameter than the die diameter, cooled by an air ring, and then
flattened before wind-up. The ratio of the final diameter of the
cylindrical tube to the diameter of the annulus 1s called the blow-up
ratio (BUR). The combination of the extrusion rate, BUR, and the
speed with which the tube is drawn out determines the final film
thickness. The ability to produce thinner films at higher rates of
extrusion is governed by many factors including the molecular and
rheological characteristics of the molten polymer, dependeﬁce of
properties on temperature, and the design of the air ring.

The entire cylindrical tube between the die and the collapsing
frame (where the tube is flattened) is called the "bubble". This 1s a
Cylindrical bubble in contrast to traditionally familiar spherical
bubbles in which air, or some other gas, 1s enveloped by a thin liquid
film. Here, air is used to blow a thin molten polymer film. Although
the cross-section (circular) of the bubble does not change, the bubble
looks conical from the outside because of a change 1n the diameter
until the solidification at the frost-line height (FLH). Sometimes, e.g.,
with high density polyethylene, the bubble looks like a cylindrical
semi-molten tube with a diameter approximately equal to the ring
diameter before being blown out into a larger diameter. Past the FLH,
however, the shape does not change from a circular cylindrical tube of
constant diameter. Note that between the die and the FLLH the bubble
1s always semi-molten.

One would like to produce a final film with close tolerance in
film thickness under stable conditions of operation, 1.e., the shape of
the bubble remains the same without any change over time. The
highest extrusion rate and the highest wind-up speed that can be used
without changing the shape of the bubble provides the operating
constraints for a given resin in a given system (extruder, air ring,
cooling air temperature, etc.). For example, at a given extrusion rate,
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if one can increase the wind-up speed to make thinner film without
losing the shape of the bubble, then the resin 1s said to have good high
speed extrusion bubble stability.

Often, the bubble stability within a given extrusion system 1s
directly related to the molecular characteristics which influence the
behavior of the bubble. For example, it is easier to stretch chewing
gum into a very thin thread without breakage than a rubber band. A
rubber band stiffens as it 1s stretched and, beyond a certain point, it
will break. However, the stiffening of the rubber band also gives 1t
better stability since it will be less sensitive to external disturbances.
This i1s not the case with the chewing gum since it deforms very easily
and is very sensitive to disturbances. In the blown film concept, one
would like to have rubber band behavior as the bubble is being blown
and stretched rather than a chewing gum behavior. In this invention,
the addition of oxygen in the two or more partially filled zone has been
found to provide better high speed extrusion bubble stability, 1.e., the
film can be drawn at higher wind-up speeds to produce thinner films.
Further, when the resin pellets are subjected to conventional blown
film extrusion, the dart drop strength of the blown film is also
improved. Dart drop strength is measured 1in accordance with ASTM
D-1709. The dart drop 1s reported in grams for a given film thickness.
The combination of enhanced bubble stability and dart drop strength 1s
unexpected.

The preferred two stage process can be described as follows:

The copolymers produced in each of the reactors are copolymers '
of ethylene and at least one alpha-olefin comonomer having 3 to 8
carbon atoms, preferably one or two alpha-olefin comonomers. The
alpha-olefins can be, for example, propylene, 1-butene, 1-hexene, 4-
methyl-1-pentene, and 1-octene.

It will be understood that the in situ blend can generally be
characterized as a bimodal resin. In some cases, however, 1t 1s difficult
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to distinguish two peaks. The properties of bimodal resins are strongly
dependent on the proportion of the high molecular weight component,
i.e., the low melt index component. For a staged reactor system, the
proportion of the high molecular weight component 1s controlled via
the relative production rate in each reactor. The relative production
rate in each reactor can, in turn, be controlled by a computer
application program, which monitors the production rate in the
reactors (measured by heat balance) and then manmipulates the
ethylene partial pressure in each reactor and catalyst feed rate in
order to meet the production rate, the production rate split, and
catalyst productivity requirements.

‘ Various transition metal catalyst systems can be used to provide
the polyethylenes used in subject process. One 1s a
magnesium/titanium based catalyst system, which can be exemplhified
by the catalyst system described in United States patent 4,302,565.
The precursor can be supported or unsupported. Another catalyst
system is one where the precursor is formed by spray drying and used
in slurry form. Such a catalyst precursor, for example, contains
titanium, magnesium, and aluminum halides, and an electron donor,
and is attached to the surface of silica. The precursor 1s then
introduced into a hydrocarbon medium such as mineral oil to provide
the slurry form. This 1s described 1n United States patent 5,290,745.
Metallocene catalyst systems such as those described in United States
patents 5,317,036 and 5,272,236 can also be used. In the case of these
metallocene catalyst systems, the melt flow ratio can be about 14 to
about 70.

The electron donor, if used 1n the catalyst precursor, 1s an
organic Lewis base, liquid at temperatures in the range of about 0°C to
about 200°C, 1n which the magnesium and titanium compounds are
soluble. The electron donor can be an alkyl ester of an aliphatic or
aromatic carboxylic acid, an aliphatic ketone, an aliphatic amine, an
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aliphatic alcohol, an alkyl or cycloalkyl ether, or mixtures thereof, each
electron donor having 2 to 20 carbon atoms. Among these electron
donors, the preferred are alkyl and cycloalkyl ethers having 2 to 20
carbon atoms; dialkyl, diaryl, and alkylaryl ketones having 3 to 20
carbon atoms; and alkyl, alkoxy, and alkylalkoxy esters of alkyl and
aryl carboxylic acids having 2 to 20 carbon atoms. The most preferred
electron donor is tetrahydrofuran. Other examples of suitable electron
donors are methyl formate, ethyl acetate, butyl acetate, ethyl ether,
dioxane, di-n-propyl ether, dibutyl ether, ethyl formate, methyl
acetate, ethyl anisate, ethylene carbonate, tetrahydropyran, and ethyl
propionate.

While an excess of electron donor is used initially to provide the
reaction product of titanium compound and electron donor, the
reaction product finally contains about 1 to about 20 moles of electron
donor per mole of titanium compound and preferably about 1 to about
10 moles of electron donor per mole of titanium compound.

An activator compound 1s optional, but is often used with any of
the titanium based catalyst precursors. The activator can have the
formula AIRgXpHc wherein each X is independently chlorine, bromine,
1odine, or OR'; each R and R' i1s independently a saturated aliphatic
hydrocarbon radical having 1 to 14 carbon atoms; bis Q0 to 1.5; cis O or
1; and a+b+c = 3. Preferred activators include alkylaluminum mono-
and dichlorides wherein each alkyl radical has 1 to 6 carbon atoms and
the trialkylaluminums. A particularly preferred activator is a mixture
of diethylaluminum chloride and tri-n-hexylaluminum. Ifit is desired
to use an activator, about 0.10 to about 10 moles, and preferably about
0.15 to about 2.5 moles, of activator can be used per mole of electron
donor. The molar ratio of activator to titanium can be in the range of

about 1:1 to about 10:1 and is preferably in the range of about 2:1 to
about 5:1. '
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The cocatalyst, generally a hydrocarbyl aluminum cocatalyst,
can be represented by the formula R3Al or R2AlX wherein each R 1s
independently alkyl, cycloalkyl, aryl, or hydrogen; at least one R is
hydrocarbyl; and two or three R radicals can be joined to form a
heterocyclic structure. Each R, which is a hydrocarbyl radical, can
have 1 to 20 carbon atoms, and preferably has 1 to 10 carbon atoms. X
is a halogen, preferably chlorine, bromine, or iodine. Examples of
hydrocarbyl aluminum compounds are as follows:
triisobutylaluminum, tri-n-hexylaluminum, di-isobutyl-ahihlinum
hydride, dihexylaluminum dihydride, di-1sobutyl-hexylaluminum,
isobutyl dihexylaluminum, trimethyl-aluminum, triethylaluminum,
tripropylaluminum, triisopropylaluminum, tri-n-butylaluminum,
trioctylaluminum, tridecylaluminum, tridodecylaluminum,
tribenzylaluminum, triphenylaluminum, trinaphthylaluminum,
tritolylaluminum, dibutylaluminum chloride, diethylaluminum
chloride, and ethylaluminum sesquichloride. The cocatalyst
compounds can also serve as activators and modifiers.

As noted above, 1t 1s preferred not to use a support. However, 1n
those cases where it 1s desired to support the precursor, silica is the
preferred support. Other suitable supports are inorganic oxides such
as aluminum phosphate, alumina, silica/alumina mixtures, silica
modified with an organoaluminum compound such as
triethylaluminum, and silica modified with diethyl zinc. A typical
support 1s a solid, particulate, porous material essentially inert to the
polymerization. It 1s used as a dry powder having an average particle
size of about 10 to about 250 microns and preferably about 30 to about
100 microns; a surface area of at least 200 square meters per gram and
preferably at least about 250 square meters per gram; and a pore size
of at least about 100 angstroms and preferably at least about 200
angstroms. Generally, the amount of support used i1s that which will
provide about 0.1 to about 1.0 millimole of titanium per gram of
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support and preferably about 0.4 to about 0.9 millimole of titanium per
gram of support. Impregnation of the above mentioned catalyst
precursor 1nto a silica support can be accomplished by mixing the
precursor and silica gel in the electron donor solvent or other solvent
followed by solvent removal under reduced pressure. When a support
1s not desired, the catalyst precursor can be used 1n liquid form.

Activators can be added to the precursor either before and/or
during polymerization. In one procedure, the precursor is fully
activated before polymerization. In another procedure, the/precursor 1S
partially activated before polymerization, and activation i1s completed
in the reactor. Where a modifier 1s used instead of an activator, the
modifiers are usually dissolved in an organic solvent such as
1sopentane and, where a support 1s used, impregnated into the support
following impregnation of the titanium compound or complex, after
which the supported catalyst precursor 1s dried. Otherwise, the
modifier solution 1s added by itself directly to the reactor. Modifiers
are similar in chemical structure and function to the activators. For
variations, see, for example, United States patent 5,106,926. The
cocatalyst is preferably added separately neat or as a solution 1n an
inert solvent, such as isopentane, to the polymerization reactor at the
same time as the flow of ethylene is initiated.

United States patent 5,106,926 provides another example of a
magnesium/titanium based catalyst system comprising:

(a) a catalyst precursor having the formula
MgdT1(OR)eXf(ED)g wherein R 1s an aliphatic or aromatic hydrocarbon
radical having 1 to 14 carbon atoms or COR' wherein R' is a aliphatic
or aromatic hydrocarbon radical having 1 to 14 carbon atoms; each OR
group 1s the same or different; X is independently chlorine, bromine or

10dine; ED 1s an electron donor; d1s 0.5t0 56;e1s 0, 1, or 2; f1s 2 to
116; and g 1s 1.5d+2;
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(b) at least one modifier having the formula BX3 or AlR(3-e)Xe

wherein each R is alkyl or aryl and is the same or different, and X and
e are as defined above for component (a)

wherein components (a) and (b) are impregnated into an
inorganic support; and

(c) a hydrocarbyl aluminum cocatalyst.

The precursor is prepared from a titanium compound, a
magnesium compound, and an electron donor. Titanium compounds,
which are useful in preparing these precursors, have the formula
Ti(OR)eXhL wherein R, X, and e are as defined above for component (a);

h is an integer from 1 to 4; and e+h is 3 or 4. Examples of titanium
compounds are TiClg, TiCl4, Ti(OC2Hs5) 2Br2, Ti(OCgHs) Cl3,

Ti(OCOCH3) Clg, and Ti(OCOCgH5) Cl3. The magnesium compounds
include magnesium halides such as MgClg, MgBr2, and Mgl9.
Anhydrous MgCl2 is a preferred compound. About 0.5 to 56, and

preferably about 1 to 10, moles of the magnesium compounds are used
per mole of titanium compounds.

The electron donor, the support, and the cocatalyst are the same
as those described above. As noted, the modifier can be similar 1n
chemical structure to the aluminum containing activators. The
modifier has the formula BX3 or AlR(3_e)Xe wherein each R 1s
independently alkyl having 1 to 14 carbon atoms; each X 1s
independently chlorine, bromine, or iodine; and e 1s 1 or 2. One or
more modifiers can be used. Preferred modifiers include
alkylaluminum mono- and dichlorides wherein each alkyl radical has 1
to 6 carbon atoms; boron trichloride; and the trialkylaluminums.
About 0.1 to about 10 moles, and preferably about 0.2 to about 2.5
moles, of modifier can be used per mole of electron donor. The molar
ratio of modifier to titanium can be in the range of about 1:1 to about
10:1 and is preferably in the range of about 2:1 to about 5:1.

Al TR A KAV v DL TSI AN ATV M DRI AL L D F B 1 f LM 30 = b P Yetpens® e s TSl S M e v i et : ; v i
S el e M SN il G DA AT - N eV E R4 -, "ty ALt 0 d 1 S AT A il e v o P s 14 ST AN w3 e



CA 02255246 1998-12-08

D-17422-1

.16 -

The entire catalyst system, which includes the precursor or
activated precursor and the cocatalyst, is added to the first reactor.
The catalyst is admixed with the copolymer produced in the first
reactor, and the mixture is transferred to the second reactor. Insofar
as the catalyst is concerned, only cocatalyst i1s added to the second
reactor from an outside source.

The polymerization in each reactor is, preferably, conducted in
the gas phase using a continuous fluidized process. A typical fluidized
bed reactor is described in United States patent 4,482,687./

A relatively low melt index (or high molecular weight)
copolymer can be prepared in the first reactor. The first reactor 1s
generally smaller in size than the second reactor because only a
p'ortion of the final product is made in the first reactor. The mixture of
polymer and an active catalyst is usually transferred from the first
reactor to the second reactor via an interconnecting device using
nitrogen or second reactor recycle gas as a transfer medium.
Alternatively, the low molecular weight copolymer can be prepared in
the first reactor and the high molecular weight copolymer can be
prepared in the second reactor.

In the high molecular weight reactor:

Because of the low values, instead of melt index, flow index 1s
determined and those values are used in this specification. The flow
index can be in the range of about 0.01 to about 30 grams per 10
minutes, and is preferably in the range of about 0.1 to about 20 grams
per 10 minutes. The molecular weight of this polymer 1s, generally, 1n
the range of about 135,000 to about 550,000. The density of the
copolymer can be at least 0.860 gram per cubic centimeter, and 1s
preferably in the range of 0.900 to 0.940 gram per cubic centimeter.
The melt flow ratio of the polymer can be in the range of about 20 to
about 70, and is preferably about 22 to about 45.



CA 02255246 1998-12-08

D-17422-1

217 -

Melt index i1s determined under ASTM D-1238, Condition E. It
is measured at 190°C and 2.16 kilograms and reported as grams per 10
minutes. Flow index 1s determined under ASTM D-1238, Condition F.
It 1s measured at 190°C and 10 times the weight used in determining
the melt index, and reported as grams per 10 minutes. Melt flow ratio
1s the ratio of flow index to melt 1index.

In the low molecular weight reactor:

A relatively high melt index (or low molecular weight)
copolymer is prepared in this reactor. The high melt index can be in
the range of about 1 to about 3000 grams per 10 minutes, and 1s
preferably 1n the range of about 50 to about 1000 grams per 10
minutes. The molecular weight of the high melt index copolymer 1s,
generally, in the range of about 15,800 to about 35,000. The density of
the copolymer prepared 1n this reactor can be at least 0.900 gram per
cubic centimeter, and is preferably in the range of 0.910 to 0.975 gram
per cubic centimeter. The melt flow ratio of this copolymer can be 1n
the range of about 20 to about 70, and 1s preferably about 20 to about
45.

The blend or final product, as removed from the second reactor,
can have a melt index 1n the range of about 0.02 to about 3.5 grams
per 10 minutes, and preferably has a melt index 1n the range of about
0.04 to about 2.0 grams per 10 minutes. The melt flow ratio can be 1n
the range of about 30 to about 160, and 1s preferably in the range of
about 30 to about 125. The molecular weight of the final product 1s,
generally, in the range of about 90,000 to about 550,000. The density
of the blend 1s at least 0.915 gram per cubic centimeter, and is
preferably in the range of 0.916 to 0.960 gram per cubic centimeter.

The weight ratio of copolymer prepared in the high molecular
welght reactor to copolymer prepared in the low molecular weight
reactor can be 1n the range of about 0.67:1 to about 2:1, and 1s
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preferably in the range of about 0.75:1 to about 1.6:1. This 1s also
known as the split.

The magnesium/titanium based catalyst system, ethylene,
alpha-olefin, and hydrogen are continuously fed into the first reactor;
the polymer/catalyst mixture is continuously transferred from the first
reactor to the second reactor; ethylene, alpha-olefin, and hydrogen, as
well as cocatalyst are continuously fed to the second reactor. The final
product is continuously removed from the second reactor.

In the low melt index, as reflected 1n flow 1ndex ,reac/tor, 1.e., the
first reactor:

The mole ratio of alpha-olefin to ethylene can be 1n the range of
about 0.01:1 to about 0.4:1, and 1s preferably in the range of about
0.02:1 to about 0.3:1. The mole ratio of hydrogen (if used) to ethylene
can be in the range of about 0.001:1 to about 0.3:1, and is preferably in
the range of about 0.017:1 to about 0.18:1. The operating temperature
is generally in the range of about 60° C to about 100° C. Preferred
operating temperatures vary depending on the density desired, 1.e.,
lower temperatures for lower densities and higher temperatures for
higher densities.

In the high melt index reactor, 1.e., the second reactor:

The mole ratio of alpha-olefin (af used) to ethylene can be in the
range of about 0.005:1 to about 0.6:1, and 1s preferably in the range of
about 0.01:1 to about 0.42:1. The mole ratio of hydrogen to ethylene
can be 1n the range of about 0.2:1 to about 3:1, and 1s preferably in the
range of about 1:1 to about 2.2:1. The operating temperature 1s
generally 1n the range of about 70° C to about 110° C. As mentioned
above, the temperature is‘preferably varied with the desired density.

The pressure, 1.e., the total pressure in the reactor, can be i1n the
range of about 200 to about 450 psi and is preferably in the range of
about 280 to about 400 psig. The ethylene partial pressure in the first
reactor 1s at least about 25 psi1 and 1s preferably at least about 30 psi.
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The upper limit of ethylene partial pressure in the first reactor and the
ethylene partial pressure in the second reactor are set according to the
amount of copolymer it is desired to produce in each of these reactors,
i.e., to achieve the split mentioned above. It is noted that increasing
the ethylene partial pressure in the first reactor leads to an increase 1n
ethylene partial pressure in the second reactor. Generally, the
ethylene partial pressure roughly doubles in the second reactor over
the first reactor. The balance of the total pressure 1s provided by
alpha-olefin other than ethylene and an inert gas such as ri/itrogen.

A typical fluidized bed reactor can be described as follows:

The bed is usually made up of the same granular resin that 1s to
be produced in the reactor. Thus, during the course of the
polymerization, the bed comprises formed polymer particles, growing
polymer particles, and catalyst particles fluidized by polymerization
and modifying gaseous components introduced at a flow rate or
velocity sufficient to cause the particles to separate and act as a fluid.
The fluidizing gas is made up of the initial feed, make-up feed, and
cycle (recycle) gas, 1.e., comonomers and, if desired, modifiers and/or an
inert carrier gas.

The essential parts of the reaction system are the vessel, the
bed, the gas distribution plate, inlet and outlet piping, a compressor,
cycle gas cooler, and a product discharge system. In the vessel, above
the bed, there 1s a velocity reduction zone, and, in the bed, a reaction
zone. Both are above the gas distribution plate.

A typical fluidized bed reactor is described in United States
patent 4,482,687.

The gaseous feed streams of ethylene, other gaseous alpha-
olefins, and hydrogen, when used, are preferably fed to the reactor
recycle line as well as liquid alpha-olefins and the cocatalyst solution.
Optionally, the liquid cocatalyst can be fed directly to the fluidized bed.
The partially activated or completely activated catalyst precursor 1s

. o R vl £ v A D S i LIS S O AT M St i oy e s b - LSS . AN P R e JIAGNN Sy RO B 4 rihhals v vl gl S Y “"""“‘M’m‘mwwﬂ"'ﬂ" NI TR . e



CA 02255246 1998-12-08

D-17422-1

- 20 -

preferably injected into the fluidized bed as a solid or a mineral o1l
slurry. In the case of partial activation, activator 1s added to the
reactor. The product composition can be varied by changing the molar
ratios of the comonomers introduced into the fluidized bed. The
product is continuously discharged in granular or particulate form
from the reactor as the bed level builds up with polymerization. The
production rate is controlled by adjusting the catalyst feed rate.

The hydrogen:ethylene molar ratio can be adjusted to control
average molecular weights. The alpha-olefins (other than ethylene)
can be present in a total amount of up to 15 percent by weight of the
copolymer and, if used, are preferably included in the copolymer in a
total amount of about 1 to about 10 percent by weight based on the
weight of the copolymer.

Several steps can be taken, in addition to temperature control,
to prevent agglomeration. The product discharge line between the
reactor and the product pot is often plugged up with chunks between
intervals of product drops. A continuous purge flow of nitrogen or
reactor gas in the line prevents the plugging problem. Also, coating
the reactor surface with a low surface energy material i1s shown to be
beneficial to slow down the rate of fouling build up. In addition,
control of the electrostatic level in the bed prevents static induced
particle agglomeration. Static can be adjusted to a satisfactory level
by controlled use of reaction rate, avoidance of quick change of gas
composition, selective use of static-neutralizing chemicals and surface
passivation with aluminum alkyls.

It 1s preferred to control the static in the reactor system during
start-up. If the static 1s not controlled, static induced layers of catalyst
rich fines can form on the reactor surfaces. These fines may, 1in turn,
induce localized hot spots and the formation of chunks. Reactor
surface passivation with an aluminum alkyl minimizes the formation

of fines layers. This passivation 1s accomplished by first building up
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the aluminum alkyl concentration in the start-up bed to about 300 to
1000 ppm based on the weight of the bed, and then fluidizing the bed
with purified nitrogen or ethylene for several hours. At the end of this
passivation period, the reactor is purged while maintaining the
circulation, the reaction conditions are established, and the reaction is
kicked off by feeding catalyst into the system. If static still persists,
additional purges or selective use of static neutralizing chemicals may
become necessary to reduce the level of static.

The residence time of the mixture of reactants including gaseous
and liquid reactants, catalyst, and resin in each fluidized bed can be in
the range of about 1 to about 12 hours and is preferably in the range of
about 1.5 to about 5 hours.

The advantages of the invention are found in the film prepared
from the broad molecular weight distribution resin in the ease of
processability brought about by the enhanced high speed extrusion
bubble stability and the solid state strength of the blown film. Thus,
the resin can be extruded to thinner gauges at higher extrusion speeds,
and the resulting film has an enhanced dart drop strength.

Conventional additives, which can be introduced 1nto the blend,
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 about
0.1 to about 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
welght and more for each 100 parts by 'weight of the blend.

Patents and patent application serial number 08/671,166
mentioned i1n this specification are incorporated by reference herein.

The 1nvention 1s illustrated by the following examples.
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Examples 1to 7

Ethylene is copolymerized with 1-hexene in each of two fluidized
bed reactors. The total pressure in each reactor 1s 300 psia. Kach
polymerization is continuously conducted after equilibrium 1s reached
under conditions set forth in Table I. Polymerization is initiated in the
first reactor by continuously feeding the above catalyst precursor and
cocatalyst triethylaluminum (TEAL) into a fluidized bed of
polyethylene granules together with ethylene, 1-hexene, and hydrogen.
The TEAL is first dissolved in isopentane (b percent by weight TEAL).
The resulting copolymer mixed with active catalyst is withdrawn from
the first reactor and transferred to the second reactor using nitrogen as
a transfer medium. The second reactor also contains a fluidized bed of
polyethylene granules. Again, ethylene, 1-hexene, and hydrogen are
introduced into the second reactor where the gases come i1nto contact
with the copolymer and catalyst from the first reactor. Additional
cocatalyst 1s also introduced. The product blend, in granular form, 1s
continuously removed.

Table I sets forth polymerization conditions and resin

properties.
TABLE 1
reaction first second reactor final
conditions reactor product
temperature 85 110
¢ C)

comonomer 1-hexene 1-hexene —
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C2 partial
pressure

(psia)

H2/C2 molar
ratio

comonomer/C2
molar ratio

catalyst feeder
(rpm)

precursor feed
(1bs/hr)

TEAL feed rate
(cc/hr)
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30 72
0.028 1.8
0.034 0.015
8000
0.029
250 170
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resin
properties

production rate

(Ibs/hr)

bed weight
(1bs)

residence time

(hrs)

flow 1ndex
(g/10 min)

melt index
(g/10 min)

density
(g/cc)

melt flow
ratio

residual
titanium

(ppm)

bulk density
(Ibs/cu tt)

average particle
s1ze(inch)

polydispersity
(Mw/Mn)
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TABLE I (Continued)
first second reactor
reactor

30 20

85 120
2.83 2.4
0.45 28000
0.16 1000
0.930 0.968

28 28

5

24
0.022

final
product

0.065

0.948

123

28

0.022

12
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split ratio 0.6 0.4
(wt %)

The resin described above is introduced into a two stage
KOBE™ LCM 100 twin screw melter/mixer having two partially filled
zones (the feed zone and a vent zone), a gear pump, and a pelletizing
device (the entire apparatus is hereinafter referred to as an extruder).
In examples 1 and 2 the throughput rate 1s 380 pounds per hour and in
examples 3 and 4, the throughput rate 1s 505 pounds per hoéur. The
atmosphere in the two partially filled zones 1s essentially nitrogen or a
mixture essentially of nitrogen and oxygen. The oxygen level in the
partially filled zones is given in percent by volume based on the
volume of the atmosphere in the each partially filled zone. The resin is
extruded in the form of pellets having the following nominal
dimensions: 1/8 inch diameter by 1/8 inch long cylinders. The oxygen
levels, bubble stability, and dart drop are set forth in Table II:

Table 11
example feed zone vent zone bubble
(percent (percent - stability
by volume by volume
of oxygen) of oxygen)
1 9 0 very poor
2 9 9 excellent
3 6 0 very poor
4 5 5 good
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Table 11
(continued)
example dart drop dart drop
1 mil thick 0.5 mil thick
film film
(grams) (grams)
1 .
9
3 195 *kkk
4 225 260

Examples 1 through 4 are conducted 1n a pilot plant and are
scaled to a commercial facility comprising a two stage KOBE™ L.CM-
450 twin screw melter/mixer having two partially filled zones (the
feed zone and a vent zone), a gear pump, and a pelletizing device (the
entire apparatus 1s hereinafter referred to as an extruder).

Initial testing 1n the commercial facility shows poor
consistency of the bubble stability and, at times, very low strength
(dart drop.) Troubleshooting efforts in the commercial facility find
that the inconsistency in bubble stability is due to poor oxygen
concentration control 1n both the feed zone and the vent zone.
Further, it 1s determined that the low dart drop strength is due to
high oxygen concentrations in combination with high polymer
temperatures.

The poor oxygen control in the vent section is attributed to
insufficient gas mixture flow rates due to much longer leakage paths
assoclated with the larger commercial extruder. Oxygen level control
1n this section is simply remedied by increasing gas flow rates. One
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method to determine the required gas mixture flow rate is to make
the ratio of gas mixture flow rate to the total free volume in the vent
section of the pilot plant system and the commercial system constant.
This leads to excessive gas mixture consumption. Therefore, another,
method to determine the required amount of gas mixture flow is
developed. This method sets the ratio of gas flow rate to linear
lengths of potential leakage paths 1n the vent sections between the
pilot plant system and the commercial system constant. Other
scaling methods to obtain consistent oxygen concentrations, such as
direct measurement of oxygen concentrations in the vent section, are

also feasible.

Unfortunately, controlling oxygen levels in the feed zone in the
commercial facility to the degree required is not successful. The poor
success 1s attributed to many reasons. One reason is the many
sources of leakage paths including, but not limited to, the resin and
additive feeders. Increasing the gas mixture rate to overcome the
multitude of leakage paths in the feed zone requires very high rates
as the total volume of the feed zone is very large. Further, due to the
large volume of the feed zone, changing the oxygen level to account
for changes in the physical properties of the resin is difficult to
accomplish in the required time frame. In terms of ensuring safe
operation, these issues also made 1t very difficult to control the

oxygen level 1n the feed zone to acceptable levels to prevent dust
deflagration.

As stated above, the low dart drop strength is attributed to a
combination of high oxygen concentration in combination with high
polymer temperatures. In addition to controlling oxygen
concentration more consistently, one solution that is successfully
used to ensure high dart drop strength is to lower the speed of the
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extruder. For this particular case, the speed of the extruder is
decreased from 290 rpm (revolutions per minute) to 220 rpm. It 1s
estimated that reducing speed, reduces polymer temperature from 10
to 30 degrees C. Another method that could have been used
successfully to lower polymer temperatures would be to increase feed
rates by 20 to 30 percent to the extruder. Due to other limitations in
the commercial system, increasing rates i1s not feasible. Other
methods such as increasing gate position and lowering gear pump
suction pressure are not as effective as required. |

Based on this information, another set of pilot plant
experiments is conducted to determine if oxygen 1s required in the
feed zone. As indicated above, eliminating the need for oxygen in the
feed zone simplifies the design of the system and 1improves the
inherent safety of the system.

Examples 5 through 7 in Table 11l show that oxygen in the
feed zone 1s not required. Examples 4 and 7 also show that the dart
drop strength of the 0.5 mil film can be increased by lowering
polymer temperature in combination with good control of oxygen
concentrations at proper levels. Based on these results, algorithms
are In use to control the tailoring process. These algorithms control
polymer temperature via gate position; oxygen levels as a function of
resin feed rate; and resin physical properties such as melt index and
flow index. Other methods to control polymer temperature such as
speed and gear pump suction pressure are not required in this case to
obtain the required degree of control.

Table III
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example feed zone vent zone bubble
(percent (percent stability
by volume) by volume)
O 0 O very poor
6 9 0 very poor
7 0 4 excellent
Table 111
(continued)
example dart drop dart drop
1.0 mil film 0.5 mil film
(grams) (grams)
5 285 r g
6 260 ek ke ke
7 280 305

**%%* Unable to make 0.5 mil thick film due to very poor bubble

stability.
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Notes to above Tables:

1. Resin properties for second reactor: these are theoretical
values based on the assumption that the second reactor copolymer is
produced independently.

2. Density 1s measured by producing a plaque in accordance
with ASTM D-1928, procedure C, and then testing as i1s via ASTM D-
1505. The density 1s reported in gram per cubic centimeter.

3. Melt Index (g/10 min) 1s determined under ASTM D-1238,

Condition E. It 1s measured at 190°C and reported as grams per 10
minutes.
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4. Flow Index is determined under ASTM D-1238, Condition F.
It 1s measured at 10 times the weight used in the melt index test
above.

5. Melt flow ratio 1s the ratio of flow index to melt index.

6. The bulk density of each of the resins (not the blend) is given
in pounds per cubic foot.

7. Split ratio (wt %): This is the percent by weight of each
polyethylene in the blend based on the weight of the blend.

8. The molecular weight distribution 1s performed via Size
Exclusion Chromatography using a Waters ™ 150C with
trichlorobenzene as solvent at 140 degrees C with a broad molecular
welght distribution standard and broad molecular weight distribution
calibration method.

9. Bubble stability 1s explained above and 1s determined
visually.

10. Dart drop strength 1s measured in accordance with ASTM
D-1709. The dart drop 1s reported in grams for a stated film thickness
of 1.0 mil thick film and 0.5 mil thick film. The film tested is produced
from the pellets made above under the following extrusion conditions:
50 mm Alpine™ extrusion line, 100 millimeter die diameter, 1.0
millimeter die gap, 4:1 blow up ratio, 36 inch FLH: 8.0 pounds per
hour per inch die rate, barrel temperature (in degrees F)
380/390/400/400, adapter die temperature (in degrees F) 400/400/400.
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A process for the extrusion of polyethylene having a broad
molecular weight distribution wherein the polyethylene 1s prepared 1n
pellet form, said extrusion taking place in a pelletizing extruder
having one or more zones essentially filled with polyethylene and two
or more zones partially filled with polyethylene including a feed zone
comprising

(1) introducing the polyethylene into the extruder at a
temperature sufficient to melt the polyethylene; (11) introducing a
mixture of an inert gas and oxygen into at least one partially filled
zone with the exception of the feed zone, said mixture containing about
1 to about 21 percent by volume oxygen based on the volume of the
gaseous mixture; (iil) passing the molten polyethylene through each
zone at melt temperature; and (iv) extruding the polyethylene into
pellets and cooling same.

2. The process defined in claim 1 wherein the gaseous mixture
introduced into at least one partially filled zone with the exception of

the feed zone is about 1 to about 4 percent by volume oxygen.

3. The process defined in claim 1 wherein the polydispersity of
the polyethylene is in the range of about 2 to about 44.

4. The process defined 1in claim 1 wherein the melt temperature
1s 1n the range of about 140 to about 320 degrees C.

5. The process defined in claim 1 wherein the polyethylene is
an 1n situ blend of two or more ethylene polymers.
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6. The process defined in claim 1 wherein the amount of oxygen
introduced into two or more partially filled zones 1s the same or
different.

7. A process for the extrusion of an 1n situ blend of
polyethylenes wherein the polyethylene blend is prepared in pellet
form, said extrusion taking place in a pelletizing extruder having one
or more zones essentially filled with polyethylene and two or more
zones partially filled with polyethylene including a feed 20/;19,
comprising (1) introducing into the extruder a polyethylene blend
having a polydispersity in the range of about 10 to about 30 at a
temperature sufficient to melt the polyethylene blend, said
temperature being in the range of about 160 to about 280 degrees C;
(11) introducing a mixture of an 1nert gas and oxygen into at least one
partially filled zone with the exception of the feed zone, said mixture
containing about 1 to about 4 percent by volume oxygen based on the
volume of the gaseous mixture; (1i11) passing the molten polyethylene
blend through each zone at melt temperature; and (1v) extruding the
polyethylene blend into pellets and cooling same.

8. The process defined in claim 7 wherein the partially filled
zones are a feed section and one or more vent sections.

9. The process defined in claim 7 wherein each partially filled
zone, on a volume basis, contains about 20 to about 80 percent
polyethylene.

10. The process defined 1n claim 7 wherein the amount of

oxygen introduced into two or more partially filled zone is the same or
different.
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