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The present invention relates o high molecular weight
polyethylenes having molecular weights in excess of 2000
and preferably in excess of 10,000, In general, it is even
possible with corresponding catalyst concentrations to ob-
tain pelyethylenes with a molecular weight which ranges
above that hitherto considered as the upper Iimit for tech-
nically obtainable polyethylenes. This limit ts approxi-
mately at molecular weights of roughly §0,(0 being
meant with this figure not more than the statement that
solutions of polyethylenes of this kind show a viscosity
which, recaleulated by means of a certein conventional
formula (Journal fuer Praktische Chemic, Series 2, volume
158, page |36 (1941), apd Journa! of the American Chemi-
cal Society, vol. 73, page 1901 (1951)), leads o a molecu-
lar weight of 50,000. In the sense of sach a deflnition of
the molecular weight, it is possible in sccordance with the
present application and the previous patenl applications
mentioned above to obtain polyethylenes having molecu-
lar weights of as high as 3,000,000 and more when using
suitable catalyst combinations and concentrations.

These high molecular weight polyethylenes, according
to the previous knowu welluds, dre produced by contact-
ing cthylene with catalysts which consist of mixtures of
metnl alkyl compounds, especially zluminum alkyl com-
pounds, with compounds of the metals of the side groups
of the 4th to 6th group of the periodic system including
thorium and uranium.

It has surprisingly been found that high molecular
weight polyethylenes usable as plastics materials may also
be produced by contacting ethylene with catalysts which
consist of mixtures of organic compounds of the metals
of the Ist to 3ed group of the periodic system of the
general formula

Ry MeX

in which R is & hvdrocarbon radical, ¥ is likewise  hydio-
carbon radical or halogen, Me is a metal of the the 1st to
3rd group of the periodic system, and n is a number which
is by 1 lower than the valence of the metal Me, with iron
compounds.

Compounds of lithivw, waguesivm, zine or luminum
are preferably used as organic compounds of the metals
of the 1st to 3rd group of the periodic system, best results
being obtained with aluminum compounds.

Suitable compounds are such in which all metal valences
are linked to alkyl groups. Pure metal alkyls of this kind
have the highest reictivity. It is also possible, however,
10 use melal compounds of the formula

R MeX

in which X is a halogen such as dialky! elurainum halides,
especially dinlkyl aluminum chloride.

The reaction of the iron compounds with the alkyl
compounds of the metals of the 1st to 3rd group of the
periodic system involves complicated reactions which
could not yet be cleared completely. On the one hand,
an exchange seems 1o take place between the anions of
the iron compounds and the alky! groups of the metals of
the 1st to 3rd group of the periodic system. It is advan-
tageous, thercfore, to use iron compounds which do not
contain an anion of oxidizing action which could destroy
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the metal alkyl compound or enter reactions other than
that of the exchange with the alkyl groups. Therefore,
iron halides, especially chlorides, will preferably be used.

On the other hand, the iron compounds are reduced in
the reaction with the alkyl compounds. However, the re-
duction must not proceed to the metals which scem to be
insignificant for the polymuerization of ethylene to high
polymers; the reduction of the metal compounds rather
stops al compounds of low valence. These are possibly
hithérto unknown compounds of monovalent iron, [t may
be of advantage for this reason to start alresdy with bi-
valent iron compounds. On the other hand, it is also pos-
sible 1o use trivalent compounds of iron as far as they are
converted into such of lower valence during the reaction
such as ferric chioride into, for example, ferrous chloride.
In this case, solid compounds, especially ferric chloride,
may also be used.

The production of the catalysts may be effected by in-
troducing the iron salls into excess metal alkyl compounds
as well as conversely by adding to the metal salts a rela-
tively small excess amount of aluminum compound re-
quired for proper reduction of the iron saits. The produe-
tion of the catalysts i preferably eflected by reacting the
metal alkyl compounds and the iron compound in the
presence of a solvent for the metal alkyl. The iron com-
pound need not be soluble in the solvent. When starting
in this case with a solid iron salt as, for example, ferric
chloride and reacting the same with a compouad of a
metal alkyl in the presence of a solvent, it is preferable
to effect the reaction in a vessel which is provided with a
comminution device for the iron chloride. This operation
must, of course, be cffecied in the absence of air and
water. A towsl reaction bélween the reaction components
is not required. It is sufficient that iron compounds which
contuin metal-atkylic linkages at least at the surface be
formed.

Instead of the iron chloride there may also be used
other iron balides or other iron compounds, the moat elec-
tro-negative portion of which can be exchanged against
at least | alkyvl group of the metal alkyl compound.

The production described of catalysts from iron com-
pounds may also be effected with metal alkyl halides such
us aluminum alkyl halides rather than with metal alkyls
such as aluminom trialkyls.

The polymernization of cthylene may be effected at vari-
ous temperatures. The process may be operated at sub-
atmaspheric, atmospheric or superatmospheric pressures.
Pressures in excess of 250 atmospheres peed not be used
although, of conrse, the action of the new catalysts on the
cthylene remains on principle hanged if the pr
ia increased to any value which is practically still obtain-
able. However, pressures of 10 to 250 atmospheres will
advantageously be used with the catalyst combinations ac-
cording to the invention.

The new polymerization catalysts are effective at tem-
peratures of as low as room femperature and below.
However, at temperatures of below 50° C., the resction
is o0 slow, It is of advantlage, therclore, to operate at
temperatures in excess of $0° C, The most convenient
reaction temperature depends upon the catalvst on the
one hand and upon the degree of polymerization to be
obtzined on the other band, When using metal alkyls
such a8 aluminum trialkyls on the one hand and iron
compounds on the other hand, it is preferable for ob-
taining polymers with very high molecular weights of
an order of magnitude of 1,000,000 to operate at 50° C.
to 80" C. At higher temperatures up ta 120° C., poly-
mers with lower molecular weights are obtained.

The polymerization is advantageously effected in the
presence of solvents, cspecially higher parafiin hydro-
carbons such as hexane or paraffin, or aromatic hydro-
earbons such as benzene, When starting with solid catg-
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lysts, then the same are suspended in the imert solveni
and the ethylene is gradually introduced into the suspen-
sion as the p proceeds while stirring.

Instead of pure ethylene, ethylene-containing gas mix-
tures may also be processed in accordance with the in-
vention,

The products in accordance with the invention exhibit
a substantially linear struclure and possess practically no
branchings, The products according to the invention con-
tain at most 3 methyl groups per 100 methylene groups.
In general, the percentage of methyl groups is still sub-
stantinlly lower and amounts at most to 0.03%, in many
chses cven less than 0.01%. Ultruspectrograpbs of the
products according to the invention, in contrast to those
of the hitherta known polyethylenes. do not show char-
acteristic methyl bands,

The polycliylenes in accordsnce with the invention
show a high crystallinity which remains unchanged up
to temperatures above 100° C. and disuppears only in
the vicinity of the softening point. As indicated by X-
ray graphs, the degree of crystallinity is generally about
0% and in many cases even more.

The raw polymerization product may be coloured due
to the presence of iron compounds. However, it can
easily be freed from the catalyst and thereby discolour-
ized by treating the polymerization product with an acid,
preferably in the presemce of a solvent for the catalyst
compounds contzined in the polymer. It is preferable for
this operation to add a weiting sgent which favours the
dissolution of ths catalyst compounds.

The polyethylenes in accordance with the invention
have a softening or melling point in excess of 130° C.
The heat resistznce of the new products is higher than that
of the known polyethylenes. When heating the new prod-
ucts to temperatures above 250° C., they retain their
white colour while the colour of the kmown products
changes into gray between 200 and 250° C. The sta-
bility of the new products to oxidation by atmospheric
oxygen is also higher.

At room temperature, the products of the invention are
completely insoluble in al] solvents. The lower molecu-
lar weight ones (up to & molecular weight of ahout
100,000} dissolve partially anly above 70° €, the higher
molecular weight ones (having a molecular weight in
excess of 100,000) partially only above 100° C.

The products may readily be processed 1o form clear,
transparent, elastic and flexible sheets or films as, for
example, bewigen healed plates. They are also suitable
for processing in extruding presses or by the injection
moutding process. They can be elongated cold and ex-
tended in this manner to form strips, wires ar threads of
high clasticity and strength which could never be ob-
tained with polyethylenes produced by other methods.

‘The tear resistance is at least 100 kilograms per square
centimeter and in many cases more than 200 kilograms
per square centimeter, The tensile strength is more than
200 kilograms pcr squarc contimeler in the uzextended
state and as high as 3000 kilograms per square centimcter
in cases of excellent orientation alter extension.

As early a3 during the processing, the products show
s marked tendency to fiber formation. In the molten
state, they can be spun to threads by the methods usual
for spinning super-polyamide fibers such as nyion fibers.
The threads produced from the new polyethylenes may be
used as fibers for industrin] purposes.

Example |

Two steel balls and a glass ampulia containing 5
grams of anbydrous iron chloride were placed in an
antoclave of 435 cc. contents. A solution of 11 grams
of amyl lithivm in 130 cc. of n-heptane is allowed to
flow into the autoclave from which the air has first been
removed. The temperature is increased to 80° C. and
ethylene is Introduced to a pressure of 60 atmospheres.

While stirring, the temperature is maintained between

a0

33

45

63

0

75

4
80 and 90° C, and the pressure between 40 and 50 atmos-
pheres. If a pressure drop does fw longer occur, the un-
reacted ethylene is discharged and methano! is introduced
in order to decompose the catalysl. The reaction product
is treated with hydrochlotic acid to remove the incrganic
compounds present.

The reaction product consists in part of a solid polymer
the crystalling structure of which as determined by X-ray
anzlysis appears 1o be identical with that of the poly-
cthylene obtuinad according o the following examples,

Example 2

Several stzinless steel balls of 1 inch in diameler and
a glass ampulla containing 10 grams of anhydrous sub-
limated farric chioride were placed in a stainless steel
autoclave having a capacity of 2140 ce.

Then a solution of 11.4 grams of triethyl aluminum in
500 ¢¢. of anhydrous benzene is introduced under nitro-
gen into the sealed autoclave from which the air has first
been removed.  The temperature is increased to 40° C.,
cthylene is introduced unti! a pressure of 50 atmospheres
is reached, and the autociave is imparted a swinging mo-
tion to break the glass ampulla. The temperature is
then allowed 1o increase to 70° C. while a substantial

| pressure drop is naticéd. As soon as the pressure has

decreased to 30 atmospheres, cthylene is again introduced
until the pressure has increased to 50 atmospheres. The
autoclave is maintained at  temperature between 60 and
70° C, while stirring and new ethylane is added as often
a3 the pressure decreases to 30 atmospheres.  After seven
hours, calculated from the beginning of the potymeriza-
tion, (he unreacted cthylene is discharged and 100 cc.
methanol is introduced into the autoclave to decompose
the metal alkyl present.

There is withdrawn from the autoclave a solid poly-
mer mass which is treated in the heat with acids to re-
move the inorganic products present and is dried in the
heat in vacoo.

In this manner, 250 grams of solid, puiverulent prod-
uet is fsolated, which, by heating under nitrogen, begins
1o sinter at 123° C., becomes plastic at higher tempera-
tures, and does not melt even st a temperastore of 200° C.

The polymer oblained appears crystslline in Nerny
analysis, In tetvaline solution ar 135° C, it shows an
intrinsic viscosity which corresponds to that of an un-
branched polyethylene baving a molecular weight of
above 1,500,000.

Example 3

Several steel balls and 2 glass ampulla containing 10
grams of anhydrous ferric chioride are placed in a stecl
auteclave of 2150 cc. contents. A solution of 11.4 grams
of triethy] aluminum in 500 cc. of anhydrous n-heptane
is then introduced under mitrogen into the secaled auto-
clave from which the air has first been removed. The
autoclave is heated to 70" C. At this temperature, eth-
vlene is introduced while stirring until a pressure of 50
atmospheres is reached. The autoclave s agitated for
3 hours at a temperature between 70 and 89* C. and
a pressure which varies between 40 and 52 atmospheres
while new ethylene is introduced as soon as the pressure
has decreased bhelow 40 atmospheres. Then the uare-
acted ethylene is removed and 100 ce. of methanol is
introduced to decompose the catalyst.

A pulverulent light yellow mass is dischorged from the
autoclave and is repentedly washed with hydrochloric
acid end methanol. The polymer treated hot with tetra-
line and hydrochleric acid is then coagulated with ace-
tone, filteved and repeaiedly washed with acetone.

The product dried hot in vacuo consists of a white
pulverulent product having a weight of 145 grams and
showing the same behavior as the product described in
Example 2 when heated under nitrogen. In a tetraline
solution at 135° C., it shows an intrinsic viscosity which
corresponds to a molecular weight of more than 1,000,000




5,087,972

Example 4

Two steel balls and a glass ampuila contzining 5.3
grams of ferric ferrous cyenide are placed in a stainless
steel autoclave of 435 ce. contents. A solution of B2
grams of tricthyl alaminom in 100 cc. of heptane is
introduced under nitrogen into the autoclave from which
the air has first been removed. The temperature is then
increased to 80° C. and ethylene is introduced to a pres-
sure of 52 atmospheres and the stirring is started. After
heating for 3 hours al temperatures of below 100° G,
the pressure has decreased to 30 atmospheres. Addi-
tional ethylene is then introduced until the pressurc has
heen brought to the initial value. As soon as the pres-
sure has decreased to 10 atmospheres, the unreacted
ethylene is discharged and the catalyst decomposed with
methanol. Tt is possible to isolate from the mass of
resction products a solid polymer having a softening
point of about 110* C. Only 10% of this polymer is
extractable with ether. The extraction residue has a mo-
lecular weight of above 100,000,

Example 5

10 ce. of dimethyl aluminum meoncbromide 1.1
grams of anhydrous iron (Iil) chloride were first mixed
in the cold with no action being noticed during this
mixing, and then heated for $ hours at 160* C. The
polymerization catalyst thus prepared, together with 200
c¢. of hexane, was Hlled under exclusion of air into an
autoclave of 500 cc. contents and then 98 grams of eth-
ylene were pressed in. When heating the autoclave to
100-110° C. while shaking, the pressare increases at first
to 230 almospheres decreasing thercafeer during about
70 hours 1o 32 atmospheres.  After cooling, the remain-
ing residual pressure was relcased whereby 9 grams of
ethylene escaped in gas form. Thereafter, the contents
of the antoclave consisted of a slurry-like suspension of
a sulid pulyethylens In hexans, which was at first of
somewhat dark colour due to residues of the irom-con-
taining catalyst, but which became pure while after
sucking-off and treatment with methanolic hydrochloric
acid. There was finolly obtained 84 grams of a high
melting snow-white polyethylene which could be pressed
at 150 10 170" C. to form excellent films,

Example 6

10 cc. of diethyl aluminum monochloride4-1.3 grams
of anhydrous iron (11} chioride4-70 ce. of hexane were
mixed under nitrogen in the cold and then thoroughly
ground for two hours in a ball mill, Thereafler, a Light
brown suspension of a solid material had formed in the
hexane, which was filled under mitrogen into a 200 ce.
autoclave. Then 39 grams of ethylene were pressed in
and the sutoclave was heated to 110° C, while shaking.
At the beginning of the experiment, the pressare in the
autoclave was 50 atmospheres at ronm  temperzture,
While heating, the pressure increased to about 80 to 90
atmespheres only and after as little as 4 hours it was
only 30 atmospheres at 100° C.  After further 21 hours,
the pressure was only 20 atmospberes ot 110° C. The
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product was processed in the same manner as described 90

in Example 5. There was obtained 13 grams of solid
polyethylene in addition to 17 grams of recovered cth-
ylene. In this Bxample 6, the iron (I1) chloride may
be replaced by the equivalent amount of iron (II) chlo-
ride. The course of the experiment is similar to that
described in Example $.

We claim:

1. Process for the production of high molecular weight

Bo

L
polyethylenes usable as plastic materials by polymeriza-
tion of ethylenc in the presence of catalysts which com-
prises contacting ethylene with a catalyst essentially con-
sisting of a mixture of an organic compound of a metal
Me sclected from the group consisting of lithivm, mag-
nesinm, zine and sluminum, said organic compound being
of the general formula
R MeX,

in which R is a hydrocarbon radical, X is a member
selected from the group consisting of hydrocarbon radi-
cals and hydrogen, n and y are whole integer numbers the
sum of which is equal to the valence of the metal Me,
with & compound of iron selected from the group con-
sisting of ferrous and ferric halides and jron cyanide,
said contacting being effected in a reaction media in which
said compound of iron will remain non-onized.

2. Process according to <laim 1, in which said organic
metal compound is a metal alkyl.

3. Process according to claim 1, in which suid organic
metel compound is sn alkyl metal monohalide.

4. Process according to claim 1, in which said iron
compound is one substantially free from oxidizing enion.

3. Process according 10 claim 1, in which said halide
is an iron chloride.

6. Process according to claim §, in which said chlo-
ride is a ferric chloride.

7. Process ucearding ta elaim 1, in which said catalyst
is constituted of & substantially solid iron compound
containing iron alkyl on at lcast the surface thereof,

8. Process according to claim 1, in which said organic
metal compound is a metal alkyl and in which ssid iron
compound is one having anions exchuangeable against the
atkyl group of said metal alkyl.

9. Process according to claim 8, in which suid iron
compound is used in the presence of an inert solvent for
id metal alkyl,

10. Process according to claim 1, in which said con-
tacting is effected at pressures of 10 1o 25 atmospheres.

1. Process according to claim 1, in which said con-
tacting is effected al temperatures between 50° and
120* C.

12. Process according to claim 11, in which said or-
ganic metal compound iy a metal alky! and in which said
contacting is effected at a temperature of substantially
50-80° C.

13. Process according to claim 1, in which said con-
tacting is effected in the presence of solvents selected
from the group consisting of higher paraffinic and aro-
matic hydrocarbons.

14. Pracess according to claim 1 io which said cthylens
is gascous ethylene.
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