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TITLE OF THE INVENTION

Process For Producing Polyethylene

FIELD OF TION

The present invention relates to a polymerization process for the production of
a polyethylene. Preferably the polyethylene has a reduced level of extractables.
Films produced from the polyethylene are characterized by having improved strength

properties.
BACKGROUND OF INVENTION

Polyethylene poltymers are well known and are useful in many applications.
In particular, linear polyethylene polymers possess properties which distinguish them
from other polyethylene polymers, such as branched ethylene homopolymers
commonly referred to as LDPE (low density polyethylene). Certain of these
properties are described by Anderson et al, U.S. Patent No. 4,076,698.

A particularly useful polymerization medium for producing polyethylene
polymers is a gas phase process. Examples of such are given in U.S. Patent Nos.
3,709,853; 4,003,712; 4,011,382; 4,302,566, 4,543,399; 4,882,400; 5,352,749 and
5,541,270 and Canadian Patent No. 991,798 and Belgian Patent No. 839,380.

Ziegler-Natta type catalyst systems for the polymerization of olefins are well
known in the art and have been known at least since the issuance of U.S. Patent No.
3,113,115, Thereafter, many patents have been issued relating to new or improved
Ziegler-Natta type catalysts. Exemplary of such patents are U.S. Patents Nos.
3,594,330;
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3,676,415; 3,644,318; 3,917,575; 4,105,847; 4,148,754; 4,256,866; 4,298,713;
4,311,752; 4,363,904; 4,481,301 and Reissue 33,683,

These patents disclose Zieglér-Natta "typ_e catalysts that are well known as
typically consisting of a transition metal component and a co-catalyst that is typically
an organoaluminum coh:pou_nd. Optionally used with the ca"galyst are activators such
as halogenated hYdr@carBons and aéﬁ_vity modifiers such as électron donors.

The use of hﬂogmgted hydr_ocarbons wnth Ziegl:u-Nitta type polymerization
catalysts in the production of polyetlylene is disclosed in U.S. Patent No. 3,354,139
and European Patent Nos. EP 0 529 §77 B1 and EP 0 703 246 Al. As disclosed, the
halogenated hydrocarbo_hs may reduce the rate of ethane fom__'mtion, iroprove catalyst
efficiency, or provide other effects. Typical of such halogenéted hydrocarbons are
monohalogen and polyhalogen substituted afu:ated or unat_ﬁrated aliphatic,
alicyclic, or aromatic hydrocérbons having 1 td 12 carbon atoms. Exemplafy
aliphatic compounds include methyl chloride, methyl.bromide, methyl iodide,
methylene chloride, methylene bromide, methylene iodide, chloroform, bromoform,
iodoform, carbon tetrachloride, carbon tetrabromide, carbon tetraiodide, ethyl
chloride, ethyl bromide, l,2-dichlorpethgne,' 1,2-d1'bromoethahe, methylchloroform,
perchloroethylene and the like. Exemplary a__liéyclic compounds include
chlorocyclopropane, tetrachlorocyclopentane and the hke Exemplary aromatic
compounds include chlorobenzene, hexgbrozﬁdbenzene, benzbnichloride and the like.
These compounds may be used individually or as mixtures thereof.

It is also well known, in the polymerization of oleﬁﬂs, particularly where
Ziegler-Natta type catalysts are employed, to utilize, optionally, electron donors.
Such electron donors often aid in increasing the efficiency of the catalyst and/or in
controlling the stereospecificity of the polymer when an olefin, other than ethylene, is
polymerized. Electron donors, ty;iica_lly known as Lewis Bases, when employed
during the catalyst preparation step are referred to as intemal electron donors.
Electron donors when utilized other than during the catalyst preparation step are
referred to as external electron donors. For example, the extemal electron donor may
be added to the preformed catalyst, to the prepolymer, and/or to the polymerization

medium.
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The use of electron donors in the field of propylend polymerization is well
known and is primarily used to reduce the atactic form of the polymer and increase
the proﬂuction of the isotactic polymers. The use of electron donors generally |
improves the productivity of the catalyst in the production of isotactic polypropylene.
This is shown generally in U.S. Patent No. 4,981,930,

In the field of ethylene polymerization, where ethylene constitutes at least
aliout 70% by weight of the total monomers present in the polymer; electron donors
are utilized to control the molecular weight distribution (MWD) of the polymer and
the activity of the catalyst in the polymerization medium. Exemplary patents
describing the nse of internal electron domors in producing linear poly/étlivlene are
U.S. Patents Nos. 3,917,575; 4,187,385, 4,256,866, 4,293,673; 4,296,223; Reissue
33,683; 4,302,565; 4,302,566; and 5,470,812. The use of an external monoether
electron donor, such as tetrahydrofuran (THF), to control molecular weight-
distribution is shown in U.S. Patent No. 5,055,535; and the use of external electron
donors to control the reactivity of catalyst particles is described in U,S, Patent No.
5,410,002

Tllustrative examples of electron donors include carboxylic acids, carboxylic
acid esters, alcohols, ethers, ketones, amines, amides, nitriles, aldelydes; thioethers,
thioesters, carbonic esters, organosilicon compounds containing oxygtn stoms, and
phosphorus, arsenic or antimony compounds connected to an organic group through a

carbon or oxygen atom.

SUMMARY OF THE INVENTION

The polymerization process of the present invention comprisés the
introduction into a polymerization medium containing ethylene and‘optichally at least
one other olefin, a Ziegler-Natta type polymerization catalyst, tetraliydtofirran (THF)
as an external electron donor and trimethylaluminum (TMA) as a co-catalyst,
Optionally a halogenated hydrocarbon compound can be employed in the
polymerization medium. The THF and/or the TMA may be added to the
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polymerization medium in any manner. - The THF and/or the TMA may be added to

- the catalyst just prior to addition to the polymenzatron medrum, or added separately

from the catalyst to the polymenzatron medrum in any manner known in the art. For
example, the THF may optionally be premixed with the TMA co-catalyst.

Ifa gas phase fluidized bed process is utilized for polymerization of the
ethylene, it may be edVahtageous ro add the THF prior to the heat removal means,
e.g., the heat exchanger, to slow the rate of fouling of said heat removal means.

All mention herein to elements of Groups of the Penodre Table are made in
reference to the Perr_odre_ Table of the Element_s, as publrs,heqm “Chemical and
Engineering News”, 63(5), 27, 1985. In this'fermat, the Grorr’ps are numbered 1 to 18.

DETAILED QESCRIP’I-‘ION OF THE INVENTION
The present inventors have unexpectedly discovered that a particular

combination of a Ziegler-Natta catalyst, trimethylahuminum (TMA) co-catalyst and -
tetrahydrofuran (THF) extemal electron donor makes it possible to produce a

_polyethylene in an improved manner. Preferably the resultant polyethylene has a

reduced level of extractables Furthermore, films produced ﬁom these polyethylenes -
unexpectedly have high 1mpact resistance as typified by Dart Impact values and have
a good balance of mMe direction .(M_D) and transverse direction (TD) tear values.

The polymerizaﬁon process of the present invention may be carried out using
any suitable process. For example; there may be utilized polymeﬁzation in
suspension, in sohxtiorr, in super-critical or in the gas phase media. All of these
polymerization processes are well known in the art. |

A particularly desirable method for producing polyethylene polymers
according to the present invention is a gas phase polymerization process preferably
utilizing a fluidized bed reactor. “This type reaetor and means for operating the
reactor are well known and compl_etely_ described in U.S Patents Nos. 3,709,853;
4,003,712; 4,011,382; 4,012,573; 4,302,566; 4,543,399; 4,88-2,400; 5,352,749,
5,541,270; Canadian Patent No. 991,798 and Belgian Patent No. 839,380, These

patents disclose gas phase polymer:i_zatien processes wherein the polymerization
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O B 4
medium is either ﬁiechamcally agitated or fluidized by th¢ contimuous flow of the
gaseous monomer and diluent. The entire contents of these patents are incorporated
herein in reference.

In general, the polymerization process of the present invention may be
effected as a continuous gas phase process such as a fluid bed process. A fluid bed
reactor for use in the process of the present invention typically comprises a reaction
zone and a so-called velocity reduction zone. The reaction zone comprises a bed of
growing polymer particles, formed polymer particles and a minor amount of catalyst
particles fluidized by the continuous flow of the gaseous monomer and diluent to
remove heat of polymerization through the reaction zone. Optionally, some of the
recirculated gases may be cooled and compressed to form liquids that increase the
heat removal capacity of the circulating gas stream when readmitted to the reaction
zone, A suitable rate of gas flow may be readily determined by simple experiment.
Make up of gaseous monomer to the circulating gas stream is at a rate equal to the
rate at which particulate polymer product and monomer associated therewith is
withdrawn from the reactor and the composition of the gas passing through the
reactor is adjusted to maintain an essentially steady state gaseous composition within
the reaction zone. The gas leaving the reaction zone is passed to the velocity
reduction zone where entrained particles are removed. Finer entrained particles and
dust may be removed in a cyclone and/or fine filter. The gas is passed through a heat
exchanger wherein the heat of polymerization is removed, compressed in a
compressor and then retamed to the reaction zone,

In more detail, the reactor temperature of the fluid bed process herein ranges
from about 30°C to about 110°C. In general, the reactor temperature is operated at
the highest temperature that is feasible taking into account the sintering temperature
of the polymer product within the reactor.

The process of the present invention is snitable for the production of
homopolymers of ethylene and/or copolymers, terpolymers, and the like, of ethylene
and at least one or more other olefins. Preferably the olefins are alpha-olefins. The
olefins, for example, may contain from 3 to 16 carbon atoms. Particularly preferred

for preparation herein by the process of the present invention are linear polyethylenes.
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Such linear po]yethylenes are preferably linear homoPoIYmers of ethylene and linear
copolymers of ethylene and at least one alpha-oleﬁn wherem the ethylene content is
at least about 70% by welght of the total monomers mvolved. Exemplary alpha-
olefins that may be uuhzed herein are propylene 1-butene, l-pentcne 1-hexene, 1-
heptene, 1-octene, 4-methylpent- 1-ene, l-decene l-dodecene 1-hexadecene and the
like. Also utilizable herem are polyenes such as 1 3-hexad1ene 1,4-hexadiene,
cyclopentadiene, dlcyclopentadlene 4-vmylcyclohex- -ene, 1 ,>-cyclooctadiene, 5-

: vmyhdene-z-norbomene and 5-vmyl-2-norbornene, and oleﬁns formed in situ in the

polymerization medium. When oleﬁns are formed in sm; in the polymerization
medium, the formation ;t:f linear polyethylenes containiné loring chain branching may
occur. ' | -

The polymenzauon reaction of the present mventmn is carried out in the
presence of a Zlegler-Natta type catalyst. In the process of the invention, the catalyst
can be introduced in any manner known in the art. - For example, the catalyst can be

. introduced directly into the polymerization medium in the form of a solution, a shury

or a dry free flowing powder.: The cathlyst- can also be used m the form ofa -
deactivated catalyst' ‘or in the form of a prepolymer obtained by contacting the
catalyst with one or more olefins in the presence of a co-catalyst

The Ziegler-Natta catalysts are well known in the industry. The Ziegler-Natta

. catalysts in the simplest form are comprised of a transition metal compound and an-

organometallic co-catalyst compound. The metal of the ttah_sition metal compound is
a metal of Groups 4, 5, 6,7, 8,9 and 10 of the Periodic Table of the Elements, as
published in “Chemical and Engineering News”, 63(5), 27, 1985. In this format, the
groups are numbered 1-18. Exemplary of such transition metals are titanium,

- zirconium, vanadium, chromijum, manganese, iron, cobalt, nickel, and the like, and

mixtures thereof In a preferred embodiment the transition metal is selected from the
group consisting of titanium, zirconium, vanadium and ehremium, and in a still
further preferred embodiment, the transition metal is titaﬁium.. The Ziegler-Natta
catalyst can optiond_ll_y contain magnesium and chlorine. Sueh magnesium and

chlorine containing catalysts may be prepared by any maﬁner.known in the art.



WO 00/52066 PCTAUS99/04765

10

15

20

25

30

The co-cat;ﬁ%%’ added to the polymerization mﬁi‘fﬁ of the present invention
is trimethylaluminum (TMA).

In the event that a prepolymerized form of the catalyst is to be employed then
the organortietallic co-catalyst compound used to form the prepolymer can be any
organometallic compotnd containing a metal of Groups 1, 2, 11, 12, 13-and 14 of the
above described Periodic Table of the Elements. Exemplary of such metals are

“lithium, magnesium, copper, zinc, boron, silicon and the like. However, when a

prepolymer is employed, TMA is still utilized as the co-catalyst in the polymerization
medium. .

The catalyst system may contain conventional components in addition to the
transition metal component, THF as external electron donor and thie TMA co-catalyst
component. For example, there may be added any internal electron donor(s) known
in the art, any halogenated hydrocarbon(s), and the like.

The Ziegler-Natta catalyst may be prepared by any method known in the art.
The catalyst can be in the form of a sohution, a slurry or a dry free flowing powder.
The amount of Ziegler-Natta catalyst used is that which is sufficient to allow
production of the desired amount of the polyethylene.

In catrying out the polymerization process of the present invention, TMA is
added to the polymerization medium in any amount sufficient to effect production of
the desired polyethylene. It is preferred to incorporate the TMA in a molar ratio of
TMA to transition metal component of the Ziegler-Natta catalyst ranging from about
1:1 to about 100:1. In a more preferred entbodiment, the molar ratio of TMA to
transition metal component ranges from about 1:1 to about 50:1,

In carrying out the polymerization process of the present invention THF as an
external electron donor is added in any manner. For example, the THF may be added
to the preformed catalyst, to the prepolymer during the prepolymerization step, to the
preformed prepolymer and/or to the polymerization medium. The THF may
optionally be premixed with the TMA co-catalyst. The THF is added in any amount
suﬁ’xcient to effect production of the desired polyethylene. It is preferred to
incorporate the THF in a molar ratio of THF to transition metal component of the

Ziegler-Natta catalyst ranging from about 0.01:1 to about 100;1. In a more preferred
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embodiment, the molar ratio of THF to transition metal component ranges from about
0.1:1 to about 50:1, _

_ In carrying out the polymerization process of the present invention, there may
be added other convennonal additives generally utilized in processes for polymerizing
olefins. Specifically there may be added any halogenated hydrocarbon, including
those mentioned hereinbefore, and preferably, chloroform. The molar ratio of
halogenated hydrooarhon to transition rnetal component of the Ziegler-Natta catalyst
ranges preferably from about 0.001:1to about 1:1.. 3 |

The molecular welght of the polyethylene produced by the present invention
can be controlled in any known manner, e.g., by using hydrogen. The molecular
weight control may be evidenced by an increase in the melt index (I;) of the polymer
when the molar ratio of hydrogen ro ethylene in the polymex_‘_i_iation medinm is
increased. | |

The molecular weight disttiburion of the oolyethylene produced by the present -

. invention is expressed by the melt ﬂow ratio (MFR) Preferably, the polyethylenes

have MFR values varymg from abont 24to0 about 34 ~and have densities ranging .
from about 0.880gm/cc. to about 0. 964gm/cc L

The polyethylenes of the present mvenuon may be fabncated into ﬁlms by

:ﬂ:. _ '_any rechmque known in the art. For example films may be prodnced by the well
20

known cast film, blown film and extrusion coating techmques
_ Further, the polyethylenes may be fabricated into other articles of
manufacture, such as molded axtrcles, by any of the well known techniques.

The invention will be more readily understood by reference to the following
examples. There are, of course, many other forms of this invention which will
become obvious to one skilled in the art, once the invention has been fully disclosed,
and it will accordingly be recognized that these examples are given for the purpose of
illustration only, and are not to be construed as limiting the scope of this invention in

~any way.
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Examples

In the following examples the test procedures listed below were used in
evaluating the analytical properties of the polyethylenes herein and in evaluating the
physical properties of the films of the examples.

a)

b)

c)
d)

g)
h}

Dart Impact is determined according to ASTM D-1709, Method A; with a
38.1 mm dart baving a smooth phenolic head; and a drop height of 0.66
meter. Film thickness of about 1 mil,

Machine Direction Tear, MDrgax(g/mil); ASTM D-1922

Transverse Direction Tear, TDrzar(g/mil): ASTM D-1922

Density is determined according to ASTM D-4883 from a plaque made
according to ASTM D1928;

Melt Index (M), L, is determined in accord with ASTM D-1238,
condition E, measured at 190°C, and reported as decigrams per minute;
High Load Melt Index (HELMI), I, is measured in accord with ASTM D-
1238, Condition F, measured at 10,0 times the weight used in the melt
index test, I;, above;

Meit Flow Ratio (MFR) = I51/I; or High Load Melt Index/Melt Index;
Ether Extractable: A powder polymer sample approximately 100 grams in
size is obtained from the reactor prior to any compounding stage. The
sample is placed in a tared extraction thimble and weighed to the nearest
0.1mg. The extraction thimble containing the sample is then placed in a
Soxhlet extractor and continuously extracted with ether for 6 hours, The
extraction thimble containing the sample that has been extracted is then
dried to a constant weight in a vacuum over a 2 hour time period. The
ether extractable is then reported as the weight fraction of sample that
dissolved in the ether normalized with respect to the original sample
weight. For example, an Ether Extractable of 2 % indicates that 2 % by
weight of the polymer was extracted by the ether; and

n-Hexane Extractable - is determined in accordance with 21 CFR

177.1520 (Option 2). More particularly, an approximately 1 square inch
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film test specimen having a thickness < 4 mils weighing 2.51+0.05 grams is
placed into a tared sam;__)le basket and accurately Weighed to the nearest
0.1 milligram. The sample basket containing the test specimen is then
placed in a 2-liter extraction vessel containing approximately 1 liter of n-
hexane. The basket is placed such that it is totally below the level of n-
hexane solvent. The sample resin film is extracted for 2 hours at 49.5 +
0.5°C and then the basket is raised above the solvent level to drain
momentarily. The -baskiet is removed and the qonfents are rinsed by
immersing several times in fresh n-hexane. The lé;sket is allowed to dry
between rmsmg The excess solvent is removed by briefly blowing the

basket with a stream of nitrogen or dry air. The basket is placed in the

-~ vacuum oven for 2 hours at 80 + 5°C After 2 hours, it is removed and

placed in ‘a desiccator to cool to room iemperat'ure (about 1 hour). After
cooling, the basket is re_wéighed to the nearest 0.1 milligram. The percent
n-hexane extractable content is then calculated from the weight loss of the
original sample. " ' L

The Ziegler-Natta catalyst nsed herein was prepared in accordance with
Example 1-a of Europesan Patent Application EP 0703 246 Al.

The prepolymer used in Examples 1-7 herein was prepared in accordance with
20 Example 1-b of European Patent Application EP 0 703 246 Al. A prepolymer
containing about 34 grams of polyethylene per #nﬂﬁmole of titanium was thus

obtained.

The polymerization process utilized in Examples 1-7 herein was carried out in
a fluidized-bed reactor for gas-phase po_lymen'ﬁtion, consisting of a vertical cylinder
25 of diameter 0.9 meters and height 6 meters and surmounted by a velocity reduction
chamber. The reactor is provided'jn its lower part with a fluidization grid and with an

external line for recycling' gas, which connects the top of the velocity reduction
chamber to the lower part of the reactor, at a point below the fluidization grid. The

recycling line is equippéd with a compressor for circulating gas and a heat transfer
30  means such as a heat exchanger. In particular the lines for sﬁpplying ethylene, an

olefin such as 1-butene, 1-pentene and 1-hexene, hydrogen and nitrogen, which

10
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represent the main ‘tdistituents of the gaseous reaction’ $iiBre passing through the
fluidized bed, feed into the recycling line. Above the fluidization grid, the reactor
contains a fluidized bed consisting of a polyethylene powder made up of particles
with a weight-average diameter of sbout 0.5 mm to about 1.4 mm. The gaseous
reaction mixture, which contains ethylene, olefin comonomer, hydrogen, nitrogen and
minor amounts of other components, passes through the fluidized bed under a
pressure ranging from about 290 psig to about 300 psig with an ascending fhuidization
speed, referred to herein as fluidization velocity, ranging from about 1.8 feet per
second to about 2.0 feet per second. .

Furthermore, in each of Examples 1-7, a catalyst as described above, in
prepolymer form, is introduced intermittently into the reactor. The said catalyst
contains magnesium, chlorine and titanium. The prepolymer form contains about 34
grams of polyethylene per millimole of titanium and an amount of tri-n-
octylaluminum (TnOA) such that the molar ratio, A1/Tj, is equal to about 1.1:1, In

Example 8, the Ziegler-Natta catalyst is introduced directly into the reactor without

having been formed into a prepolymer. The rate of introduction of the prepolymer or
catalyst into the reactor is adjusted for each given set of conditions in achieving the
desired production rate. During the polymerization, a solution of trimethylaluminum
(TMA) in n-hexane, at a concentration of abont 2 weight percent, is introduced
continuously into the line for recycling the gaseous reaction mixture, at a point
situated downstream of the heat transfer means. The feed rate of TMA is expressed
as a molar ratio of TMA to titanivm (TMA/Ti), and is defined as the ratio of the TMA
feed rate (in moles of TMA per hour) to the catalyst or prepolymer feed rate (in moles
of titantum per hour). Simultaneously, a solution of chloroform (CHCl;) in n-hexane,
at a concentration of about 0.5 weight percent, is introduced continuously into the line
for recycling the gaseous reaction mixture. The feed rate of CHCl is expressed as a
molar ratio of CHCI; to titanium (CHClsl'r 1), and is defined as the ratio of the CHCls
feed rate (in moles of CHCL; per hont) to the catalyst or prepolymer feed rate (in
moles of titanium per hour).

When an extemal donor is utilized in any of the following examples, it is
THF. A solution of tetrahydrofuran (THF) in n-hexane, at a concentration of about 1

11
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weight percent, can be introduced continuously into the line for recycling the gaseous
reaction mixture. The feed rate of THF is expressed as a molar ratio of THF to .
titanium (THF/T1), and 1s defined as the ratio of the THF feed rate (in moles of THF
per hour) to the catalyst or prepolymer feed rate (in moles of titanium per hour).

The productlvrty of the catalyst or prepolymer (Produetmty) is the ratio of
pounds of polyethylene produced per-pound of catalyst or prepolymer added to the
reactor. The activity _.pf __the catalyst or prepolymer is expre_ssed as grams of -
polyethylene per mill‘rmole titanium per.hour per bar of ethylene pressure.

Preparation of LLDPE wj A as Co-Catalyst and with THF ‘as Extemal Electron
The process conditions are given in Table 1 and the Tesin properties are given
in Table 2. The .molar. rqtio of TMA to titanium was 7. The n_:aolar ratio of CHClL; to -
titanium was 0.06. Tlre process was conducted with the addition of tetrahydrofuran
(THF) as an extemal electron donor at a molar ratio of TI-IF to titanium of 3. 1-
Hexene was used as eomonomer Under these condmons a linear polyethylene free

from agglomerate wa____s,mt_hdrawn from the reactor at-a rate 0f 206 Ib/h (pounds per

.hour). The productiyity of the catalyst was 179 pounds of polyethylene per pound of

prepolymer which corresponds to an activity of 261 grams polyethylene per millimole -

titanium per hour per, bar of ethy]ene partral pressure

The linear polyethylene had a density of 0.918 g/cc and a melt index Ml 6, I2,
of 0.9 dg/min. Ihe Melt__ Flow Ratio, k1/k, was 30 and t_he ether extractables were 2.8

~ %by weight. The dart irnpact was 530 g/mil and the MDygag and TDygag were 410

25

30

g/mil and 540 g/mil, l‘espe_ctively. §

'EXAMPLE 2 (COMPARATIVE)
Preparation of Linear Low Density Polyethylene (LLDPE) with TMA as co-catalyst
The process e_onditions are given in Table 1and the resin properties are given
in Table 2. The molar 'rdtio of trimethylaluminum (TMA) to titanium was 3. The

molar ratio of CHCI, to titanium was 0.03. The process was conducted without the

12
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addition of THF. 1-HExene was used as comonomer. ‘dlér these conditions a linear
polyethylene free from agglomerate was withdrawn from the reactor at a rate of 150
b/h. The productivity of the catalyst was 375 pounds of polyethylene per pound of
prepolymer which corresponds to an activity of 1154 grams of polyethylene per
millimole of titanium per hour per bar of ethylene partial pressure.

The linear polyethylene had a density of 0.918 g/cc and a melt index Ml; 14, I,
0f 0.9 dg/min, The Melt Flow Ratio, 11/, was 33 and the ether extractables were 4.8
% by weight. The dart iropact was 200 g/mil and the MDrgar and TDgrag were 450
g/mil and 500 g/mil, respectively. '

EXAMPLE 3 (COMPARATIVE)

Preparation of LLDPE with TEAL as Co-Catalyst and with THF as External Electron
Donor

The process conditions are given in Table 1 and the resin properties are given
in Table 2. The molar ratio of triethylaluminum (TEAL) to titanium was 7. The
molar ratio of CHC to titanium was 0.06. The molar ratio of THF to titanium was 3.
1-Hexene was used as comonomer, Under these conditions a linear polyethylene free
from agglomerate was withdrawn from the reactor at a rate of 197 Ib/h. The
productivity of the catalyst was 122 pounds of polyethylene per pound of prepolymer
which corresponds to an activity of 168 grams polyethylene per millimole titanium
per hour per bar of ethylene partial pressure.

The linear polyethylene had a density of 0.918 gfcc and a melt index My ¢, Iy,
0f 0.9 dg/min. The Melt Flow Ratio, I;1/k,, was 31 and the ether extractables were 3.6
% by weight. The dart impact was 260 g/mil and the MDrgax and TDrear were 430
g/mil and 560 g/mil, respectively.

EXAMPLE 4 (COMPARATIVE)

Preparation of LLDPE with TEATL as Co-Catalyst and with THF as External Electron
Donor

The process conditions are given in Table 1 and the resin properties are given

in Table 2. The molar ratio of TEAL to titanitum was 13. The molar ratio of CHCl; to

13
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titanium was 0. 06 The moﬁr ratio of THF to titanium was 3. 1-Hexene was used as
comonomer. Under these conditions a linear polyethylene free from agglomerate was
withdrawn from the reactor at arate of 207 Ib/h. The productmty of the catalyst was
150 pounds of polyethylene per pound of’ prepolymer wluch conesp onds to an
activity of 216 grams polyethylene per millimole titaninm per hour per bar of
ethylene partial pressure. - : : o

The linear polyethylene had a density of 0.918 g/cc ana a melt index Ml 3, I,
0f 0.9 dg/min. The Melt Flow Ratio, Inllz, was 32 and the etlier extractables were 4.0

% by weight. The dart i lmpact was 190 g/mil and the MDTEAR and TDrrar were 416
g/mil and 571 g/mil, respeetlvely

14
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Table 1: Reactof Cénditions for Examples 1 througti 4

PCT/US89/04765

Example

1 2 3 4
Reactor Pressure (psig) 295 290 297 296
Reactor Temperature (°C) 86 84 86 86
‘Fluidization Velocity (ft/sec) 1.94 L79 194 1.93
Fluidized Bulk Density (1b/f*) 158 170 156 159
Reactor Bed Height (ft) 11 9.4 11 11
Ethylene (C;) (mole%) ) 28 38 28 28
H,/C; (molar ratio) 0.152 0178 0160 0,134
1-Hexene/C, {molar ratio) 0.165 0.191 0,168 0.165
‘Co-catalyst TMA TMA TEAL TEAL
AVTi (molar ratio) 7 3 7 13
Extemal Electron Donor THF - THF  THF
THF/Ti (molar ratio) 3 - 3 3
CHCI/Ti 0.06 0.03 0.06 0.06
Production Rate (Ib/h) 206 150 197 207
Space Time Yield (Ib/h-ft*) 405 359 3.80 4.08
Productivity (mass ratio) 179 375 122 150
Activity(g PE/mmoleTi-h-batetyiene) 261 1154 168 216
Residual Titanium (ppm) 8.6 11 12.3 9.5

Table 2: Resin Propetties for LLDPE prepared in Examples 1 through 4

Example
1 2 3 4
Density (g/cc) 0918 0918 0918 0918
Melt Index, 12, (dg/min) 0.9 0.9 0.9 0.9
Melt Flow Ratio (121/12) 30 33 31 32
Ether Extractable (wt %) 2.8 48 3.6 4.0
n-Hexane Extractable (wt%) 1.6 3.0 2.4 2.5
Dart Impact (g/mil) 530 200 260 190
MDrEar (g/mil) 410 450 430 416
TDyrar gmﬂ) 540 500 560 571

A review of the data shown in Tables | and 2 reveal the unexpectedly superior

results obtained for the polyethylene produced utilizing the process of the present
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invention, as shown i in Example 1. More particularly, as shown in Example 1,
wherein TMA and THF are both utilized in the polymenzatlon process, a
polyethylene is produced having a level of Dart Impact Strength more than twice as
great as the polyethylene produced in Example 2 wherein’ TMA is utilized but in the
absence of THF. Furthermore as shown in Examples 3 and 4 wherein TEAL is
utilized instead of TMA as co-catalyst even together wrth THF the resultant
polyethylene has a Dart Impact Strength less than halfthat of the polyethylene
produced in accordance w1th the process of the present mventlon as shown in
Example 1. In addltmn to the foregomg, it will be noted from the data in Table 2 that
the polyethylene produeed in accordance with the present mventlon utilizing the
specific combination of TMA and THF, is charactenzed by havmg a narrower
molecular weight dlstnbuuon, as evidenced by Melt Flow Ratio values, as compared
with the polyethylene of Examples 2, 3 and 4. It is further- to he noted that the
extractable content of the polyethylene of the present mventmn (Examplel) is
significantly lower than the extractable content of any of the comparatrve
polyethylenes of Bxamp_les 2, 3.and 4. Itis further tobe noted_ that other physical
properties of the polyethylenes of Examples 1, 2, 3 and 4 are ."snh_stantially similar.

EXAMPLES 57 .
The followmg Examples 5, 6 and 7 are intended to demonstrate that similar

results are obtainable when using olefins such as 1-butene, l—pentene and l-hexene as

‘the comonomer with ethylene

'EXAMPLE §

Preparation of a 0.908 Density LLDPE with TMA as Co-Catalyst, with THF as

Extemnal Electron Donor and with 1-Hexene as Comgngmg

The process condmons are given in Table 3 and the resin properties are given
in Table 4. The molar ratio of TMA to titanium was 6. The rnolar ratio of CHCl; to
titanium was 0.06. The rnolar ratio of THF to titanium was 3.. 1-Hexene was used as
comonomer. Under these% conditions a linear polyethylene free from agglomerate was
withdrawn from the reactor at a rate of 196 Ib/h. The productivity of the catalyst was
168 pounds of polyethylene per pound of prepolymer which corresponds to an
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activity of 259 gralfi¢ folyethylene per millimole titaniti$a Per hour per bar of
ethylene partial pfeséure.

The linear polyethylene had a density of 0.908 and a melt index Mlz 16, I, of
0.6 dg/min, The Melt Flow Ratio, I21/1;, was 34 and the ether extractables were 5.2 %

by weight. The dart impact was greater than 1500 g/mil and the MDrpag and TDrgax
were 700 g/mil and 750 g/mil, respectively.

EXAMPLE 6
Preparation of a 0.908 Density LI DPE with TMA as Co-Catalyst , with THF as

‘External Electron Donor and 1-Pentene as Comonom

The process conditions are given in Table 3 and the resin properties are given
in Table 4. The molar ratio of TMA to titanium was 7. The molar ratio of CHCl; to
titanium was 0.06. The molar ratio of THF to titanium was 3. Under these conditions
a linear polyethylene free from agglomerate was withdrawn from the reactor at a rate
of 200 1b/h. The productivity of the catalyst was 129 pounds of polyethylene per
pound of prepolymer which corresponds to an activity of 239 grams polyethylene per
millimole titanium per hour per bar of ethylene partial pressure.

The linear polyethylene had a density of 0,908 and a melt index Ml 16, I, of
0.5 dg/min. The Melt Flow Ratio, I2)/1;, was 31 and the ether extractables were 3.1 %
by weight.

EXAMPLE 7

" Preparation of a 0.908 Density LLDPE with TMA as Co-Catalyst . with THF as

External Electron Donor and with 1-Butene as Comonomer

The process conditions are given in Table 3 and the resin properties are given
in Table 4. The molar ratio of TMA to titanium was 7.5. The molar ratio of CHCls to
titanium was 0.06. The molar ratio of THF to titanium was 3. Under these conditions
a linear polyethylene free from agglomerate was withdrawn from the reactor at a rate
of 200 Ib/h. The productivity of the catalyst was 98 pounds of polyethylene per
pound of prepolymer which corresponds to an activity of 210 grams polyethylene per
millimole titanium per hour per bar of ethylene partial pressure.

17
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The linear polyethylene had a density of 0.908 and & nielt index Ml 36, I, of
04 dg/mm The Melt Flow Ratio, I21/I>, was 28 and the ether extractables were 1.9 %
by welght E o

5 Table 3: Reactor Condxtmns for Examples 5 through 7
Example
-5 6 7
10 Lo
Reactor Pressure (psig) 294 - 297 - 297
Reactor Temperature (°C) . 81 8 .78
Fluidization Velocity (ft/sec) - 1.96 1.97 1.93
Fluidized Bulk Desity (Ib/ft>) 146 148 149
15 Reactor Bed Height (ft) 12 12 - 112
: Ethylene (C,) (mole%) 25 22 19
Ha/C; (molar ratlo) 0.119 0.100° .O 102
1-Butene/C; (molar ratlo) - e 0672
: 1-Pentene/C; (molar ratlo) - 0447 = -
~20 1-Hexene/C; (molat rano) 70211 - eee e
. Co-catalyst L TMA . . TMA  TMA.
AUTi (molar ratio) 6 7 75
External Electron Donor - THF . THF ' THF
o 'I'I-IF/T1(mohrrat10) 3. 3. .3
25 CHCIs/Ti 0.06 0.06 - 0.06
- Production Rate’ (lb/h) : 196 - 200 200 .
Space Time Yield (Ib/h-fi*) 356 370 " 3.73
Productivity (mass’ ratio) 168 129 98
Activity(g PE/mmoleTl-h-harﬂ,,lm) 259 239 . 210
30 Residual Titanium (ppm) 8.5 106 . 14

18
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Table 4: Resin Prbsities for LLDPE prepared in Exaﬁ‘iil%‘s 5 through 7

Example
5 6 7
Density (g/cc) 0.908 0.908 0.908
Melt Index, I, (dg/min) 0.6 0.5 04
Melt Flow Ratio (121/1z) 34 31 28
Ether Extractables (wt %) 52 3.1 1.9
n-Hexane Extractable (wt%) 3.5 1.8 1.3
Dart Impact (g/mil) . >1500 >2000 950
MDrzax (g/mil) 700 550 313
TDrEar (g/mil) 750 470 323

A review of the data in Tables 3 and 4 allows the following observati(;ns tobe
made. As the olefin comonomer is reduced in length, for example 1-hexene to 1-
pentene to 1-butene, the data shows that the molecular weight distribution as
measured by melt flow rate (MFR) is decreased and the extractable content of'the
polyethylenes is also decreased.

EXAMPLE 8

Preparation of LLDPE with TMA as Co-Catalyst and with THF as External Electron
Donor Utilizing a Ziegler-Natta Catalyst Added Directly to the Reactor

The process of Example 1 is followed with the exception that the Ziegler-

Natta catalyst is directly injected into the reactor without having been converted to
prepolymer form. A linear polyethylene is obtained.

Films prepared from the polyethylenes of the present invention are generally
characterized as having improved strength properties which are particularly shown by
the values of Dart Impact in Tables 2 and 4.

Articles such as molded items can also be prepared from the polyethylenes of
the present invention.

It should be clearly understood that the forms of the invention herein
described are illustrative only and are not intended to limit the scope of the invention.
The present invention includes all modifications falling within the scope of the
following claims.
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We claim:

1.

10.

1L

A process for polymerizing ethylene and/or ethylene and at least one or more
other olefin(s) compnsmg contactmg, under polymenzatlon conditions, the
ethylene and/or ethylene and at least one or more oleﬁn(s) with a Ziegler-Natta

“type catalyst, mmethylalummum and tetrahydroﬁn'an as extemal electron donor.

The process accordmg to Claim 1 further compnsmg the presence of a
halogenated hydrocarbon _

The process aecordmg to Claim 2 wherein the halogenated hydrocarbon is
chloroform. _ _

The process according to Claim 1 wherein the Zieglengetta type catalyst
comprises a transitien metal compound wherein the metal is selected from metals

of Groups 4, §, 6, 7, 8, 9 and 10 of the Periodic Table of the Elements, as defined
herein. :

The process accofdin‘g to Claim 4 wherein the metal of the transition metal

compound is selected from the group consisting of utamum, zirconium, vanadium
d chromium. :

The process accordmg to Claim 5 wherein the metal of the transition metal
compound is titanium. ) .

The process accordmg to Claim 1 further comprising the presence of at least one
internal electron donor

The process accordmg to Claim 1 further comprising the presence of magnesium
and chlorine incorporated in the Ziegler-Natta type catalyst.

The process according to Claim 4 further comprising the presence of magnesium
and chlorine incoxpo;ated in the Ziegler-Natta type catalyst.

The process according to Claim 7 further comprising the presence of magnesium
and chlorine incorporated in the Ziegler-Natta type catalyst.

The process according to Claim 2 wherein the halogehate_d hydrocarbon is added
in a molar ratio _of halogenated hydrocarbon to transition metal component of the
Ziegler-Natta type catalyst ranging from about 0.001:1 to about 1:1.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

A
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The process abcbiding to Claim 1 wherein tmnetli?laﬁlmmum is added in a molar
ratio of trimethylaluminum to transition metal component of the Ziegler-Natta
type catalyst ranging from abeut 1:1 to about 100:1.

The process according to Claini 12 wherein the molar ratio of trimethylaluminum
to transition metal component of the Zjegler-Natta type catalyst ranges from about
1:1 to about 50:1

The process according to Claim 1 wherein tetrahydrofuran is added in a molar
ratio of tetrahydrofuran to transition metal component of the Ziegler-Natta type
catalyst ranging from about 0.01:1 to about 100:1.

The process according to Claim 14 wherein the molar ratio of tetrahydrofuran to
transition metal component of the Ziegler-Natta type catalyst ranges from about
0.1:1 to about 50:1

The process according to Claim 1 wherein the polymerization conditions are gas
phase.

The process according to Claim } wherein the polymerization conditions are
solution phase.

The process according to Claim 1 wherein the polymerization conditions are
sharry phase.

The process according to Claim 1 wherein the at least one or more other olefin(s)
is an olefin having 3 to 16 carbon atoms.

The process according to Claim 19 wherein the at least one or more other olefin(s)
is selected from the group consisting of 1-octene, 1-hexene, 4-methylpent-1-ene,
1-pentene, 1-butene and propylene,

The process according to Claim 1 wherein the copolymer resulting from the
polymerization of ethylene and at least one or more olefin(s) comprises ethylene
in an amount of at least about 70% by weight of the copolymer.

The process according to Claim 1 wherein the Ziegler-Natta type catalyst
comprises titanium, magnesium and chlorine.

The process according to Claim 22 further comprising the presence of a
halogenated hydrocarbon.,
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24. The process according to Claim 22 wherein the polymerization conditions are gas
- phase. |

25. A film fabricated from the polyethylene produced in accordance with Claim 1.

26. An article fabricated from the polyethylene produced in accordance with Claim 1.
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