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TITLE OF TllE INVENTION 

Process For Producing Polyethylene 

FIELD OF INVENTION 

The present inveDtion relates to a polymerization process for the production of 

a polyethylene. Preferably the poly~ylene has a reduced level of extractables. 

Films produced from the polyethylene are characterized by having improved strength 

10 properties. 

BACKGROUND OF INVENTION 

Polyethylene polymers are well known and are useful in many applications. 

IS Jn 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 ai U.S. Patent No. 4,076,698. 

A particularly useful polymeri2'Jltion medium for producing polyethylene 

20 polymers is a gas phase process. Examples of such are given in U.S. Patent Nos. 

3,709,853; 4,003,712; 4,0ll,382;4,302,S66;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. 

25 3, 113, l 15. 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,~05,847; 4,148,754; 4,256,866; 4,298, 713; 

4,311,752; 4,363,904; 4,481,301 and Reissue 33,68~. 

·These patents disclose Ziegler-Nana type catalysts that are well known as 

typically consisting of a transition metal component and a co-catalyst that is typically 

5 an organoaluminum compound. Optionally used with the ca~alyst are activators such 

as halogenated hydrocarbons and activity modifiers such as electron donors. 

The use ofhalo!.enated hy~Qcarbons with Ziegler-Natta type polymerization 

catalysts in the production of pofyethylene is diiclosed in U.S. Patent No. 3,354, 139 
•. 

and European Patent Nos. EP 0 SZ9 977B1 and EP 0 703 246 Al. As disclosed, the 

1 o b~logenated hydrocarbons may reduce the rate of ethane fo~tion, improve catalyst 

efficiency, or provide other effects. Typical of such halogenated hydrocarbons are 

monohalogen and polyhalogen substituted saturated or unsaturated aliphatic, 
. . . . 

alicyclic, or aromatic hydrocarbons having l to 12 carbon atoms. Exemplary 

aliphatic compounds include methyl chloride, methylbromide, methyl iodide, 

15 methylene chloride, methylene bromide, methylene iodide, chloroform, brom.oform, 

iodoform, carbon tetrachloride, carbon tetrabromide, carbon tetraiodide, ethyl 

chloride, ethyl bromide, .1,2-dichloroethane, 1,2-di'bromoethane, methylchloroform, 

perchloroethylene and the like. Exemplary alicyclic compounds include 

chlorocyclopropane, tetrachlorocyclopentane and the like. Exemplary aromatic 

20 compounds include chlorobenzene, hexabromobenzene, benzotrichloride and the like. 

These compounds may be used individually or as :mixtures thereof 

It is also well known, in the polymerization of olefins, 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 

25 controlling the stereospecificity of the polymer when an olefin, other than ethylene, is 

polymerized. Electr0n donors, typically 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 external electron donor may 

30 be added to the preformed catalyst, to the prepolymer, and/or to the polymerization 

medium. 
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The use of eled.ron donors in the field of propy~end
0

'polymerizalirin is well 

known and is primarily used to reduce the atactic form of the polymer ad increase 
. . 

the production of the isotactic polymers. The use of electron donors generally 

improves the productivity of the catalyst in the production of isoiactlb polypropylene. 

s This is shown generally in U.S. Patent No. 4,981,930. 

Jn the field of ethylene polymerization. where ethylene constitutes at least 

about 70% by weight of the total monomers present in the polymer; electton donors 

are utilized to control the molecular weight distnl>ution (MWD) of tht'ipolymer and 

the activity of the catalyst in the polymerization medium. Exemplary paterts 

Io describing the use of intemal electron donors in producing linear po:Iyeth)'lene 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 (TIIF), to control molecular weight 

distribution is shown. in U.S. Patent No. S,055,535; and the use of external electron 

15 donors to control the reactivity of catalyst particles is described in U.S. Patent No. 

5,410,002. 

illustrative examples of electron donors include carboxylic acills; carboxylic 

acid esters, alcohols, ethers, ketones, amines, amides, nitriles, aldehy<te~~-'thktethers, 

thioesters, carbonic esters, organosilicon compounds containing oxYgelt'afoms, and 
20 phosphorus, arsenic or antimony compounds connected to an organic gtoup through a 

carbon or oxygen atom. 

25 

SUMMARY OF THE INVENTION 

The polymerization process of the present invention. comprisetthe 

introduction into a polymerization medium containing ethylene and!optfonally at least 

one other olefin, a Ziegler-Natta type polymerization catalyst. tetraliy'dtrithran (THF) 

as an external electron donor and trimethylaluminum (TMA) as a co-catalyst. 

30 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 mm.mer. The THF and/or the TMA may be added to 

the catalyst just prior to addition to the polymerization medium, or added separately 

from the catalyst to the polymeriZation med~ in any manner known in the art. For 

example, the THF may ~tionally be premixed with the TM.A. co-catalyst. 

5 If a gas phase _&idized bed process js utilized for polymerization of the 

ethylene, it may be adVantageous to add the THF prior to the; heat removal means, 

e.g., the heat exch~er, to slow the rate of fouling of said heat removal means. 

All mention lierein to elenien~ of Gr01lps of the Periodic Table are made in 

reference to the Perlodic Table of the Elements, as publiShed in "Chemical and 

10 Engineering News'\ 63(5), 27, 1985. In this format, the Gro~s are numbered 1 to 18. 

DETAILED DESCRIPTION OF THE INVENTION 

The present inventors have unexpectedly discovered that a particular 

15 combination of a Ziegler-Natta catalyst, trimethylaluminum (TMA) co-catalyst and · · 

tetrahydrofuran (THF) extemal electron donor makes it possible to produce a 

polyethylene in an improved nianner. Preferably the resuhant polyethylene has a 

reduced level of extracta,bles. Furthermore, films produced from these polyethylenes 

unexpectedly have mgh impact resistance as typified by Dart Impact values and have 

20 a good balance ofmaclune direction (MD) and transverse direction (TD) tear values. 

The polymerization process of the present invention may be carried out using 

any suitable process. For example, there may be utilized polymerization in 

suspension, in solution, in super-critical or in the gas phase media. All of these 

polymerization processes are well known in the art. 

25 A particularly deSirable method for producing polyethylene polymers 

according to the pre!!ellt invention is a gas phase polymerization process preferably 

utilizing a fluidized bed reactor. This type reactor and means for operating the 

reactor are well known and completely described in U.S Patents Nos. 3, 709,853; 

4,003, 712; 4,011,382; 4,012,573; 4,302,566; 4,543,399; 4,882,400; 5,352, 749; 

30 5,541,270; Canadian, Patent No. 991, 798 and Belgian Patent No. 839,380. These 

patents disclose gas phase polyme1ization processes wherein the polymerization 
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medium is either fue~anically agitated or fluidized b§tli~ oontinuous flow of the 

gaseous monomer and diluent. The entire contents of these patents are incorporated 

herein by reference. 

Jn genera], the polymerization process of the present invention may be 

s 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 p~lymer particles and a minor amount of catalyst 

particles fluidized by the continuous flow of the gaseous monomer and diluent to 

IO 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 

IS rate at which particulate polymer product and monomer associated therewith: is 

withdrawn ftom. 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 

20 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 returned 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 

25 the highest temperature that is feasible taking into account the sinterlng temperature 

of the polymer product within the reactor. 

The process of the present invention is suitable for the production of 

homopolymers of ethylene and/or copolymers, terpolymeis, and the like, of ethylene 

and at least one or more other olefins. Preferably the olefins are alpha-oleflns. The 

30 olefins, for example, may contain ftom 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 polyethylenes are preferably line;ar homopolym~s of ethylene and linear 

copolymers of ethylene :and at lea~ one alpha .. olefin whe,;ein the ethylene content is 

at least about 70% by weight of the total monqmers invoJ.Ved. Exemplary alpha­

olefins that may be u~d herein are propyleJ).e, 1-but~e, l:·pentene, 1-bexene, 1-

5 heptene, 1-octene, 4~m~ylpent-l-ene, l~d~cene, 1-dodecene, 1-hexadecene and the 

like. Also utilizable h~~ are polyenes such a:s 1,3-hexadiene, 1,4-hexadiene, 
.. . . 

cyclopentadiene, dicycl~enta~ene, 4-vinylcyclohex- l-ene, 1,5-cyclooctadiene, 5-

vinylidene-2-norbomene and 5-v~y~2".norbornene, and olefins formed in situ in the 

polymeriza~on mecUuDi. When olefins are formed in situ in the polymerization 

10 medium, the formation of linear polye1;hylenes contain.in~ long chain branching may 

occur. 

The polymerization reaction of the present invention is carried out in the 

presence of a Ziegler-Natta type catalyst. In the process of the invention, the catalyst 

can be introduced iq any manner known in tile art. , For eumple, the catalyst can be 

is :introduced directly into the polymerization medium in the form of a solution, a slurry 

or a city ftee flowing powder., The catalyst can al~o be used in the form of a 

deactivated catalyst~ or in the form of a prepolymer obtained by contacting the 

catalyst with one or niore olefins in the presence of a co-catalyst. 

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

20 catalysts in the "simplest fo:nn are comprised of a transition metal compound and an 

organometallic co-catalyst compound. The metal of the ~ansition 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 "Chemi~al and Engineering News'\ 63(5), 27, 1985. In this format, the 

groups are numbered 1-:18. Exemplary of such transition metals are titanium, 

2s zirconium, vanadiUJll, AAromium, manganese, iron, cobalt, nickel, and the like, and 

mixtures thereof. Jn a preferred embodiment the transition metal is selected from the 

group consisting of titani~ zirconiµm, vanadium and chromium, and :in a still 

further preferred embodiment, the transition metal is titanium .. The Ziegler-Natta 

catalyst can option~y contain magnesium ~d chlorine. Such magnesium and 

30 chlorine containing catatlysts may be prepared by any manner known in the art. 
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The co-cd~i added to the polymerization min of the present invention 
is trimethylaluminum (TMA). 

ln the event that a prepolymerized form of the catalySt is to be employed then 

the organometallic co-catalyst compound used to form the prepolymer can be any 

s org8nometallic compound containing a metal of Groups 1, 2, 11, 12, 13· and 14 of the 
above descnl>ed Periodic Table oft11.e Elements. Exemplary of such metals are 

.. lithium, magnesium, copper, •c. boron, silico11 and the like. However, when a 
prepolymer is employed, TMA is still utilized as the co-catalyst in the polymerization 
medium 

Io The catalyst system. may contain conventional components in addition to the 

transition metal component, THF as external electron donor and tlie TMA co-catalyst 

component. For example, there may be added any internal electron donor(s) known 

in the art, any halogenated bydrocarbon(s), and the like. 

The Ziegler-Natta catalyst may be prepared by any method known in the art. 
15 The catalyst can be in the form of a Solution, a slurry or a dry :free flowing powder. 

The amount ofZiegler-Natta catalyst used isthat which is sufficient to allow 

production of the desired amount of the polyethylene. 

In carrying out the polymerization process of the present invention, TMA is 

added to the polymerization medium in any amount sufficient to effect production of 
20 the desired polyethylene. It is preferred to incoiporate the TMA in a molar ratio of 

TMA to transition metal component of the Ziegler-Natta catalyst ranging from about 
I: 1 to about I 00: 1. In a more preferred embodiment, the molar ratio of TMA to 

transition metal component ranges from about 1: l to about SO: l. 

In carrying out the polymeri%.ation process of the present invention THF as au 
25 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 

sufficient to effect production of the desired polyethylene. It is preferred to 

30 incoiporatethe TIIF in a molar ratio ofTIIFtotransition 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 conventi~ a~dit~ves gen~y utilized in processes for polymerizing 

s olefins. Specifically there may be. added any halogenat~4 hydrocarbon, including 

those mentioned herein'before, and preferably, 9b1orofo:n:p. The molar ratio of ... · .. ~ . . . ·. . 

halogenated hydrocar\>f,>n to transition ipetal e»mponen.t of the Ziegler-Natta catalyst 
. . . . . . . ~ 

ranges preferably from .about O.OOl: 1 ·to about 1: 1 .. 

The molecQ}ar weight of the polyethylene produced by the present invention 

1 o can be controlled U,. any known manner, e.g., by using hydrogea The molecular 

weight control may be evidenced lzy an increa~e in the melt index (12) of the polymer 

when the molar ratio of hydrogen to ethy~e!le iJ1 the polymerization medium is 

increased. 

The mol~cular weight distribution qf the polyethyl~e produced by the present 

15 invention is expressed-by the melt :flow ratio (MFR). Pr~~ably, the pqlyethylenes . . . . ·. . . . . . . . . . ., . 

have :MFR. values varying from about 24 to about 34, and have densities ranging 
.. . . ·. . . , . 

from about 0.880gm/cc to abo~t 0.9~4gm/Cf.. 

The polyethyle1,1es of the present inv~tion :1118Y be fabricated into films by 

any technique known in the art. For examp,le, films may \)e produced by the well 
. . . ' .• . . . . . 

20 known cast film, blown film and exµugion coating tecb.ni.ques. 

Further, the polyethylenes may be fabricated into other articles of 

manufacture, such as molded articles, 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 inv~ntion which wilJ 

25 become obvious to one skilled in the art, once the invention has been fully disclosed, 

and it will accordin~y be recognized that these examples are given for the purpose of 

illustration only, and are not to be i;:onstrued as limiting the scope of this invention in 

anyway. 
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Examples 

·Jn the following examples the test procedures listed below were used in 

evaluating the analytical properties of the polyethylenes herein and in evaluating the 

5 physical properties of the films of the examples. 

a) Dart Impact is determined according to ASTM D-1709, Method A; with a 

38.1 mm dart having a smooth phenolic head; and a drop height of 0.66 

meter. Film thickness of about 1 mil; 

b) Machine Direction Tear, MDnwt(glmil): ASTM D-1922 

io c} Transverse Direction Tear, TD-nwt(g/mil): ASTM D-1922 

d) Density is determined according to ASTM D-4883 fi:om a plaque made 

according to ASTM D1928; 

e) Meh Index (Ml), 12, is determined in accord with ASTM D-1238, 

condition E, measured at 190°C, and reported as decigrams per minute; 

15 f) High Load Meh Index (&Ml), 1:21, is measured in accord with ASTM D-

20 

25 

1238, Condition F, measured at 10.0 times the weight used in the melt 

index test, 12, above; 

g) Meh Flow_ Ratio (MFR) = 121/h or High Load Melt Index/Melt Index; 

h) 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 thiml;>le and weighed to the nearest 

0. lmg. The extraction thimble containing the sample is then placed in a 

Soxblet extractor and continuously extracted with ether for 6 hours. The 

extraction thimble containlng 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 

30 i) 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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15 

film test specimen-having a thickness S 4 'mils weighing 2.S±o.05 grams is 

placed in'o a tared sample basket and accurately weighed to the nearest 

0.1 milligram'. The sample basket contaming the test specimen is then 

placed in.a 2-liter extraction vessel containing approximately l liter ofn-

hexane. The ~asket is placed such that it is totally below the level of n­

hexane solvent. The sample resin film is extra~ed for 2 hours at 49.5 ± 

O.S°C and then the basket is raised above the solvent level to drain 

momen~y. The ba~et js remove~ and the cont~ts are rinsed by 

immersing several times in ftesh n-hexane. The basket is allowed to dry 

between rinsing. The excess solvent is removed by briefly blowing the 

bask.et 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 hmUs, it is removed and 

placed in·a desiccator to cool to room temperatilre (about 1 hour). After 

cooling. the basket iS reweighed to the nearest 0.1 milligram The percent 

n.;hexane extractable content is then ·ealculated from the weight loss of the 

original sample. '· ' 

The Ziegler-Natta catalyst 11sed herein was prepared in aceordance with 

Example 1-a of European Patent Application EP o ·703 246 Al. 

The prepolymer used fu Examples 1.:. 7 herein was.prepared in accordance with 

20 Example 1-b ofEuropean Patent Application EP O 703 246 Al. A ptepolymer 

conta:ining about 34·grams ofpoly¢thylene per inillimole of titanium was thus 

obtained. 

The polymerization process utilized in Examples 1-7 herein was earned out in 

a fluidized-bed reactor for gas-phase polymerization, consisting of a venical cylinder 

25 of diameter 0. 9 meters and height 6 meters and surmounted by a velocity reduction 

chamber. The reactor is provided in 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 equipped with a compressor for circulating gas and a heat transfer 

30 means such as a heat exchanger. In panicular the lines for supplying ethylene, an 

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

10 
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represent the main~~ituents of the gaseous reactioni&e passing through the 

fluidized bed, feed into the recycling line. Above the fluidization grid, the reactor 

contains a fluidiz.ed bed consisting of a polyethylene powder made up of particles 

with a weight-average diameter of about 0.5 mm to about 1.4 mm The gaseous 

5 reaction mixture, which contains ethylene, olefin comonom.er, hydrogen, nitrogen and 
minor amounts of other components, passes through the fl.uidtted bed under a 

pressure ranging :ftom about 290 psig to about 300 psig with an ascending fluidization 
speed, refmed to herein as fluidization velocity, ranging from about 1.8 feet per 

second to about 2.0 feet per second. 

10 Furthermore, in each ofExamples 1-7, a catalyst as described above, in 

prepolymer form, is introduced intemiltten.tly 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

octyWuminum (TnOA) such that the molar ratio, Al/Ti, is equal to about 1.1: 1. In 
15 ·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 polymerizatio~ a solution of trimethylaluminum 

(TMA) inn-hexane. at a concentration of about 2 weight percent, is introduced 

20 continuously into the line for recycling the gaseous reaction mixture, at a point 
situated downstream of the heat transfer means. The feed rate ofTMA is expressed 

as a molar ratio ofTMA to titanium (TMA/Ti), and is defined as the ratio of the TMA 
feed rate (in moles ofTMA per hour) to the catalyst or prepolymer feed rate (in moles 
of titanium per hour). Simultaneously, a solution of chloroform (CHCh) inn-hexane, 

25 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 CHCh is expressed as a 

molar ratio of CHCb to titanium (CHCbffi), and is defined as the ratio of the CHCb 
feed rate (in moles of CHCh per hout) to the catalyst or prepolymer feed rate (in 

moles of titanium per hour). 

30 When an extemal donor is utilized in any of the following examples, it is 
THF. A solution of tetrahydrofuran (TIIF) inn-hexane, at a concentration of about I 
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weight percent, can ~e introduced continuously into the line for recycling the gaseous 

reaction mixture. Th' ~d rate of 'J.l{F is expressed as a mo~r ratio ofTHF to 

titaniuni (THFffi), al;id is defined ~s the ratio of the THF feed rate (in moles of THF 

per hour) to the cata1¥st .or prepolymer feed rate (in moles ~f:titanium per hom). 

s The productiYitY. of the cat!tlyst or prepolymer (ProdUctivity) is the ratio of 

10 

pounds of polyethyl~e, ~roduced per poun.d of catalyst orprepolymer added to the 

reactor. The activity pf~e catalyst or prepolymer is expressed as grams of 

polyethylene per milJimole titanium per hour per bar of ~ylene pressure. 

EXAMPLE I 

PrtWaration ofLLDPE with IMA as Co-Catalyst and with THF'as Extemal Electron 
·~ . . . . . 

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

in Table 2. The molar ratio of TMA to titanium was 7. The molar ratio of CHCh to 
,•, • • • I 

15 titanium was 0.06. ~e process was conducted with the addition oftetrahydrofbran . :.·· . . . :· .. 

(TIIF) as an extemal' ele~.m donor at a molar ratio. ()f ~ ~() titBDium of 3. 1-

Hexene was used as "9Jll.onomer. Vnder these conditions a. linear polyethylene free 

from agglomerate was Withdrawn fio.m the rea~r at a rate of 206 lb/h (pounds per 
. ' . . . . . 

. -hour). The p,roductivity_~~ihe catalyst was 179 po\1]),ds o(polyethylene per pound of 

. 20 prepolymer which ccirre8:Ponds to aµi activity of 2($1 grams polyethylene pe.r millimole 

. titanium per hour per bar of ethyJene partial pressure. 

The linear po1J:'etl:tylene had a density of0.918 glee and a melt index MI2.t6, h, 

of 0. 9 dglmin. The Melt Flow Ratio, 1211'1-i, was 30 and the ether extractables were 2.8 

% by weight. The dirt iinpact was 530 glmil and the MDrnAa and TDnwt were 41 O 

25 g/mil md. 540 g/mil, respectively . 

. EXAMPLE 2 (COl\fPARATIVE) · 

Pre_paration of Linear Lo.w Density Polyethylene (J,LDPE) with TMA as co-catalyst 

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

30 in Table 2. The molar ratio of trimethylaluminum (TMA)to titanium was 3. The 

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

12 
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addition of THF. l~trhene was used as comonomer. ·ttftWer these conditions a linear 

polyethylene free from agglomerate was withdrawn from the reactor at a rate of 150 

lb/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 

5 millimole of titanium per hour per bar of ethylene partial pressure. 

10 

The linear polyethylene had a density of0.918 glee and a melt indexMI2.i6, 12, 

of O. 9 dglmin. The Melt Flow Ratio, 121/12, was 33 and the ether extractables were 4.8 

% by weight. The dart impact was 200 g/mil and the Ml>raAR and TDrau were 450 

g/mil and 500 g/mil, respectively. 

EXAMPLE3 (COMPARATIVE) 

Pre.paration 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 

15 in Table 2. The molar ratio oftriethylaluminum (TEAL) to titanium was 7. The 

molar ratio of CHCh to titanium was 0.06. The molar ratio ofTIIF 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 lb/h. The 

productivity of the catalyst was 122 pounds of polyethylene per pound ofprepolymer 

20 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 of0.918 yjcc and a melt indexMh.16, 12, 

of0.9 dg/min. The Melt Flow Ratio, 121/12, was 31 and the ether extractables were 3.6 

% by weight. The dart impact was 260 g/mil and the Ml>raAR and 1'DrEAR were 43 0 

25 g/mil and 560 g/mil, respectively. 

EXAMPLE 4 (COMPARATIVE) 

Pre,paration ofLLDPE with TEAL as Co-Catalyst and with THF as External Electron 

Donor 

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

in Table 2. The molar ratio of TEAL to titanium was 13. The molar ratio of CHCh to 

13 
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titanium was 0.06. The molar ratio of1HF to titanium was 3. l·Hexene was used as 

comonomer. Under these conditions a linear polyethylen~ free from agglomerate was 

withdraWn from the react'or at a rate of207 lb/h. The productivity of the catalyst was 

150 pounds of polyethylene per pound of prep~lymer whiCb' corresponds to an 

s activity of216 grams polyethylene per millitnole titanium per hour per bar of 

ethylene partial pressure, . 

The linear polyethylene had a density of0.918 glee and a melt index MI.2.16, 12, 

of0.9 dg/min. The Meh Flow·Ratio, 121112' was 32 and the ether extractables were 4.0 
.. . 

% by weight. The dart inlpact was 190 glmil and the Ml>raA.R: and TDnwt were 416 

to glmil and 571 g/mil, respectively. 

14 
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Table 1: Reactof Ctinditions for Examples 1 througlU ' 

Example 

s I 2 3 4 

Reactor Pressure (psig) 295 290 297 296 
Reactor Temperature (°C) 86 84 86 86 
·Fiuidization Velocity (ft/sec) 1.94 1.79 1.94 1.93 

10 Fluidized Bulk Density (lb/ft3) lS.8 17.0 15.6 15.9 
Reactot Bed Height (ft) 11 9.4 11 11 
Ethylene (C2) (mole%) 28 38 28 28 
H2/C2 (molar ratio) 0.152 0.178 0.160 0.134 
1-Hex.ene/~ (molar ratio) 0.165 0.191 0.168 0.165 

IS Co-catalyst TMA TMA TEAL TEAL 
AVTi (molar ratio) 7 3 7 13 
Extemal Electron Donor THF THF TIIF 
TIIF/Ti (molar ratio) 3 3 3 
CH Ch/Ti 0.06 0.03 0.06 0.06 

20 Production Rate (lb/h) 206 150 197 207 
Space Time Yield (lb/h-ft3) 4.05 3.59 3.80 4.08 
Productivity (mass ratio) 179 375 122 150 
Activjty(g PE/mmoleTi-h-barc:lhylme) 261 1154 168 216 
Residual Titanium (ppm) 8.6 1.1 12.3 9.5 

25 

Table 2: Resin Properties for UDPE prepared in Examples I through 4 

30 Ex.ample 

I 2 3 4 

Density (glee) 0.918 0.918 0.918 0.918 
3.5 Melt Index. 12, (dglmin) 0.9 0.9 0.9 0.9 

Melt Flow Ratio (121/12) 30 33 31 32 
Ether Extractable (wt%} 2.8 4.8 3.6 4.0 
n-Hexane Extractable (wt%) 1.6 3.0 2.4 2.5 
Dart Impact (g/mil) 530 200 260 190 

40 Ml:>n:AR (g/mil) 410 450 430 416 
Tl>rBAR (g/mil) 540 soo 560 571 

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

45 results obtained for the polyethylene produced utilizing the process of the present 

15 
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invention, as shown in Example 1. More particularly, as shown in Example l, 

wherein TMA and TI.IF ~ both utilized in the polymerization process. a 
'"· . 

polyethylene is prod~cetf having a level of Dart Impact Stren$ili more than twice as . . . 

great as the polyethylen~ produced in Example 2 wherein-~ is utilized but in the 

5 absence ofTIIF. FU1the.miore, as !lhown in Examples 3-an~ 4 wherein TEAL is 

utilized instead ofTMA ~s co-catalyst, even togethefwith THF, the resuhant 

polyethylene has a Dart Impact Strength less~ half that of the polyethylene . ~ . : . . . 

produced in accordance~ the pro~ss of the present inyention as shown in 

Example l. In additio~ ~~the foregoing, it will be noted ~o~ the data in Table 2 that 

10 the polyethylene produced in accordance with the present inv~tion utilizing the 

specific combination of'I'MA. mid THF, is characterized by having a narrower . . ' . 

molecular weight distribution, as eyidenced by Melt Flow,Ratio values, as compared 

with the polyethylene of Examples 2, 3 and 4. his further to ~e noted that the 

extractable content of the polyethylene of the present invention (Example I) is 

15 significantly lower than ~e extractable content of any of the comparative 

polyethylenes of Examples 2, 3 and-4, It is further to be noted: that other physical 

properties of the polyethyienes of Examples 1, 2, 3 and 4 are mbstantially similar. 

EXAMPLES S-7 

20 The following Examples 5, 6 and 7 are intended to dm.nonstrate that similar 

results are obtainable when using ole:fins such as I-butene, 1-pentene and 1-hexene as 

the comonomer with ethy~ene. 

EXAMPLES 
25 Preparation of a 0. 908 Density LLDPE with TMA as Co-Catalyst. with THF as 

External Electron Donor and with 1-Hexene 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 6. The molar ratio of CHCh to 

titanium was 0.06. The molar ratio ofTIIF to titanium was 3. 1-Hexene was used as 

30 comonomer. Under these: conditions a linear polyethylene free from agglomerate was 

withdrawn from the react~ at a rate of 196 lb/h. The productivity of the catalyst was 

168 pounds of polyethylene per pound of prepolymer which corresponds to an 

16 
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activity of259 gral:&f;olyethylene per millimole titanifil ~er hour per bar of 

ethylene partial pressure. 

the linear polyethylene had a density of 0.908 and a meh index Mh.16, 12, of 

0.6 dg/min. The Melt Flow Ratio, 121/!2, was 34 and the ether extractables were 5.2 % 

s by weight. The dart impact was greater than 1500 g/mil and the MDmAa and Tl>rfAR 

were 700 g/mil and 750 glmil, respectively. 

EXAMPLE6 

Prg>aration of a 0. 908 Density LLD PE with TMA as Co-Catalyst • with THF as 

10 ·Extern.al Electron Donor and with. l·Pentene as Com.onomer 

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 CHCh to 

titanium was 0.06. The molar ratio ofTHF to titanium was 3. Under these conditions 

a linear polyethylene free ftom agglomerate was withdrawn from the reactor at a rate 

15 of200 lb/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 

m.illimole titanium per hour per bar of ethylene partial pressure. 

The linear polyethylene had a density of0.908 and a melt index MI2.i6, 12, of 

0.5 dg/min. The Melt Flow Ratio, 121112, was 31 and the ether extractables were 3.1 % 

20 by weight. 

EXAMPLE7 

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

External Electron Donor and with I-Butene as Comonom.er 

25 The process conditions are given in Table 3 and the resin properties are given 

in Table 4. The molar ratio ofTMA to titanium was 7.5. The molar ratio of CHCh to 

titanium was 0.06. The molar ratio ofTIIFtotitanium was 3. Under these conditions 

a linear polyethylene free from agglomerate was withdrawn :from the reactor at a rate 

of200 lb/h. The productivity of the catalyst was 98 pounds of polyethylene per 

30 pound of prepolymer which corresponds to an activity of 210 grams polyethylene per 

millimole titanium per hour per bar of ethylene partial pressure. 

11 
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The linear poly~ylene had a density of 0. 908 and ·a iµelt index Ml2.16, 12, of 
0.4 dg/min. The Me~· Ffuw Ratio, 121/12, was 28 and the ether extractables were 1. 9 % 
by weight. 

s Table 3: Reactor ~on(µtions for Examples 5 through 7 

10 

15 

. 20 

25 

30 

Reactor Pressure (psig) 
Reactor Temperature ;(~C) 
Fluidization Veloclfy {ft/sec) 
Fluidized BWk Dehmy (lb/ft3). 
Reactor Bed Height(ft) 
Ethylene (C2) (mole%) 
H2/C2 (molar ratio) .• 
I-Butene/CJ (mol~ nitjo). 
l-Pentene/C2 (molar ratio) 
l-Hexene/C2 (molar r!W.o) 
Co-catalyst . . . .. 
Al/Ti (molar ratio) 
Extern.al Electron' Donor· 
THF/Ti (molar _rap~).::. 
CHCh/Ti . 
Production Rate.(lb/h)':· ·. 
Space Time Yield (lb/h-ft3) 
Productivity (niass ratio) · 
Activity(g PF/mm.oleTl-h-barlllhyiaic) 
Residual Titanium '(IJPm}. 

Example 

5 6 7 

294 297 . ··297 
81 80 .. 78 

1.96 1.97 1.93 
14.6 14.8 14.9 
12 12 -~12 
25 22 19 

0.119 0.100. ·. 0, 102 
. 0~672 

0.447 . 
·0.211 
TMA .. TMA ·. 

6 7 
TIIF THF 

3 3 
0.06 0.06 
196 ... · 200 
3.56 3.70 
168 129 
259 239 
8.5 10.6 

18 
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7.5 

THF 
·. 3 

0.06 
200 

.3.73 

. 98 
210 
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5 

10 

15 

Table 4: Resin P.t'&pefties for LLDPE prepared in Exail;t~s S through 7 

Example 

s 6 7 

Denshy (glee) 0.908 0.908 0.908 
Melt Index. ~' ( dg/m.in) 0.6 0.5 0.4 
Melt Flow Ratio (I:ulli) 34 31 28 
Ether Exttactables (wt % ) 5.2 3.1 1.9 
n-Hexane Extractable (wt%) 3.5 1.8 1.3 
Dart Impact (g/mil) >1500 >2000 950" 
Ml>mAR (g/mil) 700 550 313 
Tl>rEAR (g/mil) 750 470 323 

A review of the data in Tables 3 and 4 allows the following observations to be 

made. As the olefin comonomer is reduced in length, for example 1-hexene to 1-

pentene to I-butene, the data shows that the molecular weight distribution as 

20 measured by melt flow rate (MFR) is decreased and the extractable content ofthe 

polyethylenes is also decreased. 

EXAMPLES 

Pnmaration ofLLDPE with IMA as Co-Catalyst and with THF as External Electron 

Donor Utilizing a Ziegler-Natta Catalyst Added Directly to the Reactor 

25 The process ofExample 1 is followed with the exception that the Ziegler-

Natta catalyst is directly injected :into the reactor without hav:ing 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 

30 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 

descnoed are illustrative only and are not intended to limit the scope of the invention. 

35 The present invention includes all modifications falling within the scope of the 

following claims. 

19 
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.CLAIMS 111111111111111111111111111111 
C L M S * 

We claim: 

I. A process for polymerizing ethylene and/or ethylene and at least one or more 

s other olefin(s) comp~sing contacting, under polymeriZation conditions, the 

ethylene and/or ethylcrne and at least one or more olefin(s) with a Ziegler-Nana 

· type catalyst, im.i~ylaluminum and tetrahydrofuran'. '.as extemal electron donor. 

2. The process according to Claim 1 further comprising the presence of a 

halogenated hydrocarbon. 

Jo 3. The process according to Claim 2 wherein the halogenated hydrocarbon is 

chloroform. 

4. The process according to Claim l wherein the Ziegler:Natta type catalyst 

comprises a transition metal compound wherein the metal is selected from metals 

of Groups 4, S, 6, 7, 8, 9 and 10 of the Periodic Table·ofthe Elements, as defined 

15 herein. 

5. The process according to Claim 4 wherein the metal of the transition metal 

compound is selected from the group consisting of titanium, zirconium, vanadium 

and chromium. 

6. The process accordiJlg to Claim 5 wherein the metal of the transition metal 

20 compound is titanium. 

7. The process according to Claim 1 further comprising the presence of at least one 

internal electron donor. 

8. The process according to Claim 1 further comprising the presence of magnesium 

and chlorine incorporated in the Ziegler-Natta type catalyst. 

25 9. The process according to Claim 4 further comprising the presence of magnesium 

and chlorine incorporated in the Ziegler-Nattatype catalyst. 

l 0. The process according to Claim 7 further comprising the presence of magnesium 

and chlorine incorporated in the Ziegler-Natta type catalyst. 

11. The process according to Claim 2 wherein the halogenated hydrocarbon is added 

30 in a molar ratio of halogenated hydrocarbon to transition metal component of the 

Ziegler-Natta type catalyst ranging from about 0.001: l to about 1: I. 

20 
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12. The process at;clamg to Claim 1 wherein trimeu$ilimmum is added in a molar 

ratio oftrimethylaluminum to transition metal component of the Ziegler-Natta 

type catalyst ranging .fi:om about 1: 1 to about l 00: 1. 

13. The process according to Clabtt 12 wherein the molar ratio of trimethylaluminum 

s to transition metal component of the Ziegler-Natta type catalyst ranges from about 

1:1 to about 50:1 

14. The process according to Claim 1 wherein tetrahydrofuran is added in a molar 

ratio oftetrahydro:furan to trans~on metal component of the Ziegler-Natta type 

catalyst ranging ftom about 0.01:1toabout100:1. 

10 15. The process according to Claim 14 "Wherein the molar ratio oftetrahydrofuran to 

transition metal component of the Ziegler-Natta type catalySt ranges from about 

0.1:1 to about 50:1 

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

phase. 

J s 17. The process according to Claim l wherein the polymerization conditions are 

solution phase. 

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

slurry phase. 

19. The process according to Claim 1 wherein the at least one or more other olefin( s) 

20 is an olefin having 3 to 16 carbon atoms. 

20. 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, I-butene and propylene. 

21. The process according to Claim 1 wherein the copolymer resulting from the 

25 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. 

22. The process according to Claim I wherein the Ziegler-Natta type catalyst 

comprises titanium, magnesium and chlorine. 

23. The process according to Claim 22 further comprising the presence of a 

30 halogenated hydrocarbon. 

21 
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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 p()lyetbylen~ produced in accordance with Claim l. 

22 


