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(57) Claim

1. A process for the preparation of propylene/sthylene
polymers, in which first
(A) in a first polymerization zone, propylene is homopoly
merized in the presence of hydrogen as a molecular weight 
regulator, in a stirred bed of finely divided polymer and in 
the absence of a liquid reaction medium, from the gas phase, 
by feeding in a Ziegler-Natta catalyst system consisting of
(1) a titanium catalyst component and
(2) an organoaluminum catalyst component of the formula 

ALR X, , where X is OR, chlorine, bromine or hydrogen, 
R is a Cx-C B-hydrocarbon radical and m is from 1 to 3,

(3) with or without a .further catalyst component, with the 
provisos that, in this first polymerization zone (i) 
the reaction is carried out under a total pressure of 
from 20 to 35 bar and at from 60 to 90°C and (ii) the 
ratio of the propylene partial pressure to the hydrogen 
partial pressure is from 100:0.1 to 100:15, and then

(B) in a second polmerization zone, a mixture of propylene
and ethylene is polymerized with the propylene homopolymer 
obtained in the first polymerization zone in presence of

.../2
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hydrogen as a molecular weight regulator, in a stirred bed 
of finely divided polym&r and in the absence of a liquid 
reaction medium from the gas phase, by feeding in the 
reaction products obtained in the first polymerization zone
(A) and in the further polymerization zone (C), with or 
without additional catalyst component (2), with the 
provisions that, in this second polymerization zone (i) the 
reaction is carried out under a total pressure of from 10 *■ 
20 bar and at from 50 to 80°C, (ii) the ratio of the 
propylene partial pressure to the ethylene partial pressure 
is from 100:10 to 100:70 and the ratio of the propylene 
partial pressure to the hydrogen partial pressure is from 
100:2 to 100:70, and (iii) the ratio of the weight of the 
propylene converted to polymer in the first polymerization 

zone (A) to the weight of the propylene/ethylene mixture 
converted to polymer in the second polymerization zone (B) 
is from 100:10 to 100:60, 
wherein in addition
(C) in a further polymerization zone, ethylene is homo
pol y me r i z e d i π the presence or absence of hydrogen as a 
molecular weight regulator, in a stirred bed of finely 
divided polymer and in the absence of a liquid reaction 
medium, from the gas phase, by means of Ziegler or Phillips 
catalysis, with the provisos that, in this further poly
merization zone, (i) the reaction is carried out under 
a total pressure of from 20 to 45 bar and at from 80 to 
120°C, (ii) where relevant, the ratio of the ethylene 
partial pressure to the hydrogen partial pressure is from 
100:0.01 to 100:20 and (iii) the ratio of the weight of 
the propylene converted to polymer in the first polymeriza
tion zone (A) to the weight of the ethylene converted to 
polymer in the further polymerization zone (C) is from 
100:5 to 100:40, and the resulting reaction product is 
likewise fed to the second polymerization zone (B).
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Preparation of propy I ene/ethyIene polymers
The present invention relates to a process for 

the preparation of propylene/ethylene polymers, in which 
first

5 (A) in a first polymerization zone, propylene is homo
polymerized in the presence of hydrogen as a molecular 
weight regulator, in a stirred bed of finely divided 
polymer and in the absence of a liquid reaction medium, 
from the gas phase, by feeding in a Zieg Ier-Na11a catal-

10 yst system consisting of
(1) a titanium catalyst component and

15

20

(2) an organoa Iuminum catalyst component of the formula 
ALRmX3_m, where X is OR, chlorine, bromine or hydrogen, 
R is a C 1 -C -| g-hy d r oc a rbon radical and
m is from 1 to 3,

(3) with or without a further catalyst component,
with the provisos that, in this first polymerization 
zone (i) the reaction is carried out under a total 
pressure of from 20 to 35 bar and at from 60 to 90°C
and (i i) the ratio of the propylene partial pressure
to the hydrogen partial pressure is from 100:0.1 to 
100:15, and then

(B) in a second polymerization zone, a mixture of propy
lene and ethylene is polymerized with the propylene

25 homopolymer present in the reaction product obtained in 
the first polymerization zone in the presence of hydrogen 
as a molecular weight regulator, in a stirred bed of finely 
divided polymer and in the absence of a liquid reaction 
medium, from the gas phase, by feeding in the reaction

30 product obtained in the first polymerization zone, with or 
without additional catalyst component (2), with the 
provisos that, in this second polymerization zone (i) the 
reaction is carried out under a total pressure of from 10 
to 20 bar and at from 50 to 80°C, (ii) the ratio of the

35 propylene partial pressure to the ethylene partial 
pressure is from 100:10 to 100:70 and the ratio of the 
propylene partial pressure to the hydrogen partial pressure 
is from 100:2 to 100:70, and (iii) the ratio of the weight
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of the propylene converted to polymer in the first 
polymerization zone (A) to the weight of the propylene/ 
ethylene mixture converted to polymer in the second 
polymerization zone (B) is from 100:10 to 100:60.

Processes of this type have been disclosed in a 
number of variants, and reference may be made, for exam
ple, to US Patent 4,454,299 and South African Patents 
0084/3561, 0084/3563 and 0084/5261 as typical publications.

The known processes of the type under discussion an 
particular the resulting products have in general proven 
useful in industry, including, for example, automotive 
construction; however, they are still unsatisfactory in 
one respect or another. For example, it has to date been 
impossible to obtain polymers having a very advantageous 
balance of rigidity, toughness at room temperature and low 
temperature impact strength, ie. polymers which are 
particularly suitable for automotive construction, for 
example as material for bumpers or instrument panels. The 
production of such polymers is a worthwhile aim.

It is an object of the present invention to modify 
the process defined at the outset so that it permits poly
mers having the abovementioned property spectrum to be 
prepared in an advantageous manner.

We have found that this object is achieved if, 
in the process in question, ethylene is homopolymerized 
in a further polymerization zone (C) from the gas phase, 
with certain provisos, and the resulting reaction pro
duct is likewise fed to this second polymerization zone 
(B ) .

The present invention accordingly relates to a 
process for the preparation of propyIene/ethyIene poly
mers, in which first
(A) in a first polymerization zone, propylene is homo
polymerized in the presence of hydrogen as a molecular 
weight regulator, in a stirred bed of finely divided

35
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with or

zone (i) the

is carried out under a total pressure of from 10 
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the hydrogen partial pressure is from 
(iii) the ratio of the weight of the

propylene
is from 100:10 to 100:70 and the ratio of
partial pressure to
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propylene 
zone ( A )

and
converted to polymer in the first polymerization 

to the weight of the propylene/ethylene mixture
to polymer in the second polymerization zone (B) 

is from 100:10 to 100:60.
converted

In the process according to the invention, in
addition
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(C) in a further polymerization zone, ethylene is 
homopolymerized in the presence or absence of hydrogen as a 
molecular weight regulator, in a stirred bed of finely
divided polymer and in the absence of a liquid reaction

5 medium, from the gas phase, by means of Ziegler or Phillips 
catalysis, with the provisos that, in this further poly
merization zone, (i) the reaction is carried out under a

10
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total pressure of from 20 to 45 bar and at from 80 to 
120°C, Ci i ) where relevant, the ratio of the ethylene 
partial pressure to the hydrogen partial pressure is from 
100:0.01 to 100:20 and (iii) the ratio of the weight of 
the propylene converted to polymer in the first polymeriza
tion zone (A) to the weight of the ethylene converted to 
polymer in the further polymerization zone (C) is from 
100:5 to 100:40, and the resulting reaction product is 
likewise fed to the second polymerization zone (B).

Regarding the novel process, the following may
be stated specifically:

Provided that the defining feature is taken .into
20

o 
o 0 u o « 

o a

account, the polymerization process as such can be car
ried out in relevant conventional technological embodi
ments, in particular as a cyclic continuous process. The 
stated technological embodiments, ie. the technological 
variants of gas phase block copolymerization, are discussed

25 in sufficient detail in the publications cited at the out-
ft ft -X ft

O ft 0 
0 0 O

ft ft ©
ft »0 

ft ft 0

30

set to make further description unnecessary here.
However, for completeness, it should be mentioned 

that, in the process according to the invention, the form 
of the further polymerization zone (C) and the procedure 
in this zone are in the general sense similar to the form 
of the first polymerization zone (A) and the procedure in
this zone; furthermore, in these two polymerization zones, 
it is advantageous if the total pressure in each of these 
zones is detectably (ie. 5 bar or more) higher than the

35 total pressure in the second polymerization zone (B). 
Regarding the composition of the catalyst systems 

to be used in the novel process, the following may be

L
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stated specifically:
Titanium catalyst component

The relevant convent
here, especially those which 
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round, readily free-flowing polymer particles; these 
catalysts and catalyst systems too are sufficiently well 
known that no further description is

In general, it may therefore 
substances used in the novel process
relevant conventional ones and have no special features.

EXAMPLE 1

A k
1

requ i red here . 
be stated that the 
as such are the

t

i

I

10

15

20

The process is carried out by a cyclic continuous 
procedure in a kettle cascade consisting of three stirred 
kettles, each having a useful volume of 200 I; the kettles 
are connected in a V shape: both a kettle for the pre
paration of the propylene homopolymer (first polymeriza
tion zone A) and a kettle for the preparation of the 
ethylene homopoLymer (further polymerization zone C) are 
upstream from the kettle for the preparation of the end 
product (second polymerization

The propyIene/ethy I ene 
procedure in which, first, 
(A) in the first poIymerizaiοn 
polymerized in the presence of 
weight regulator, in a stirred
polypropylene and in the absence of a liquid 
medium, from the gas phase, by feeding in a Ziegler-Natta 
catalyst system consisting of
(1)

zone B ) .
polymer is prepared by a

zone, propylene is homo
hydrogen as a 
bed of finely

molecular 
divided
reaction

25

30

35

a titaniurn (111) component of the formula 
T1CI3 . 1/3 AICI3 . 1/3 n-propyl benzoate, 
diethyl aluminum chloride and
n-octadecyl B-lA'-hydroxy-S'^'-di-tert-butylphenyl)- 
propionate

(with the proviso that the atomic ratio of titanium from 
the titanium(III) component (1) to aluminum from the di
et hy I a I urn i num chloride (2) Ή 1:6 and the molar ratio of 
diethylaluminum chloride (2) to the further catalyst com
ponent (3), ie. the n-octadecyl B-(4'-hydroxy-3'z5'-di- 
tert-butyI phenyl) propionate, is 1:0.04)
with the provisos that, in the first polymerization zone, 
(i) the reaction is carried out under a total pressure

(2)
(3)
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the first polymerization 
propylene/ethylene mixture 

in the second polymerization

According to
(C) in a further polymerization 
polymerized in a stirred bed of 
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the gas phase 
(2% of Cr03 
air), with 
tion zone (
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zone
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ethylene is homo
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, from
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z
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(C) is 100:17, and the resulting reaction product is 
likewise fed to the second polymerization zone (B).

The propyIene/ethyIene polymer thus obtained 
(26.5 kg/h) is dechlorinated, stabilized and granulated 
in an extruder in a conventional manner; it has a very 
advantageous balance of rigidity, toughness at room 
temperature and low temperature impact strength.

EXAMPLE 2
The process is carried out by a cyclic continuous 

procedure in a kettle cascade consisting of three stirred 
kettles, each having a useful volume of 200 L; the kettles 
are connected in a V shape: both a kettle for the pre
paration of the propylene homopolymer (first polymeriza
tion zone A) and a kettle for the preparation of the 
ethylene homopolymer (further polymerization zone C) are 
upstream from the kettle for the preparation of the end 
product (second polymerization zone B).

Thu propylene/ethylene polymer is prepared by a 
procedure in which, first
(A) in the first polymerization zone, propylene is homo
polymerized in the presence of hydrogen as a molecular 
weight regulator, in a stirred bed of finely divided 
polypropylene and in the absence of a liquid reaction 
medium, from the gas phase, by fe1 eding in a Ziegler-Natta 
catalyst system consisting of
(1) a titanium catalyst component prepared according to 

the Example of German Laid-Open Application DOS 
3,428,478,

12) triethylaluminum and
(3) triethoxyphenylsilane
(with the proviso that the atomic ratio of titanium from 
the titanium catalyst component (1) to aluminum from the 
triethylaluminum (2) is 1:150 and the molar ratio of tri
ethylaluminum (2) to further catalyst component (3) ie. 
the triethoxypheny Isi Iane, is 1:0.1) 
with the provisos that, in the first polymerization zone, 
(i) the reaction is carried out under a total pressure

35
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of 28 bar and at 70°C and (ii) the ratio of the pro
pylene partial pressure to the hydrogen partial pressure 
i s 100 : 0.2, and t hen
(B) in a second polymerization zone, a propylene/ethylene

5 mixture is polymerized with the propylene homopolymer 
present in the reaction product obtained in the first 
polymerizatior zone, in the presence of hydrogen as a 
molecular weight regulator, in a stirred bed of finely
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divided polymer and in the absence of a liquid reaction 
medium, from the gas phase, by feeding in the reaction 
product obtained in the first polymerization zone, with

O 6 » i < 1 
& 4

the provisos that, in the second polymerization zone, 
(i) the reaction is carried out under a total pressure 
of 13 bar and at 50°C, (ii) the ratio of the propylene 
partial pressure to the ethylene partial pressure is 
100:20 and the ratio of the propylene partial pressure 
to the hydrogen partial pressure is 100:10, and (iii) 
the ratio of the weight of the propylene converted to 
polymer in the first polymerization zone (A) to the 
weight of the propylene/ethylene mixture converted to 
polymer in the second polymerization zone (B) is 100:40.

According to the invention, in addition
(C) in a further polymerization zone, ethylene is homo
polymerized in a stirred bed of finely divided polyethy
lene in the absence of a liquid reaction medium, from 
the gas phase, by means of a Ziegler catalyst as des
cribed in Example 1 of German Laid-Open Application DOS 
2,543,272, with the provisos that, in this further poly- 
m'erization zone (i) the reaction is carried out under a 
total pressure of 30 bar and at 104°C and (ii) the ratio 
of the weight of the propylene converted to polymer in 
the first polymerization zone (A) to the weight of the 
ethylene converted to polymer in the further polymeriza
tion zone (C) is 100:26, and the resulting reaction pro
duct is likewise fed to the second polymerization zone
(B) .

The propylene/ethylene polymer thus obtained

35
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(23.7 kg/h) is dechlorinated, stabilized and granulated in 
an extruder in a conventional manner; it has a very advan
tageous balance of rigidity, toughness at room temperature 
and low temperature impact strength.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
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1. A process for the preparation of propylene/ethylene
polymers, in which first
(A) in a first polymerization zone, propylene is homopoly
merized in the presence of hydrogen as a molecular weight 
regulator, in a stirred bed of finely divided polymer and in 
the absence of a liquid reaction medium, from the gas phase, 
by feeding in a Ziegler-Natta catalyst system consisting of
(1) a titanium catalyst component and
(2) an organoaluminum catalyst Component of the formula

ALRraX3_ , where X is OR, chlorine, bromine or hydrogen,
R is a Cx-Cx -hydrocarbon radical and m is from 1 to 3,

(3) with or without a further catalyst component, with the 
provisos that, in this first polymerization zone (i) 
the reaction is carried out under a total pressure of 
from 20 to 35 bar and at from 60 to 90°C and (ii) the 
ratio of the propylene partial pressure to the hydrogen 
partial pressure is from 100:0.1 to 100:15, and then

(B) in a second polmerization zone, a mixture of propylene 
and ethylene is polymerized with the propylene homopolymer 
obtained in the first polymerization zone in the presence of 
hydrogen as a molecular weight regulator, in a stirred bed 
of finely divided polymer and in the absence of a liquid 
reaction medium from the gas phase, by feeding in the 
reaction products obtained in the first polymerization zone 
(A) and in the further polymerization zone (C), with or 
without additional catalyst component (2), with the 
provisions that, in this second polymerization zone (i) the 
reaction is carried out under a total pressure of from 10 to 
20 bar and at from 50 to 80°C, (ii) the ratio of the 
propylene partial pressure to the ethylene partial pressure 
is from 100:10 to 100:70 and the ratio of the propylene 
partial pressure to the hydrogen partial pressure is from 
100:2 to 100:70, and (iii) the ratio of the weight of the 
propylene converted to polymer in the first polymerization
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zone (A) to the weight of the propyIene/ethy Iene mixture 
converted to polymer in the second polymerization zone (B) 
is from 100:10 to 100:60, 
wherein in addition
(C) in a further polymerization zone, ethylene is homo
polymerized in the presence or absence of hydrogen as a 
molecular weight regulator, in a stirred bed of finely 
divided polymer and in the absence of a liquid reaction 
medium, from the gas phase, by means of Ziegler or Phillips 
catalysis, with the provisos that, in this further poly
merization zone, (i) the reaction is carried out under 
a total pressure of from 20 to 45 bar and at from 80 to 
120°C, (ii) where relevant, the ratio of the ethylene 
partial pressure to the hydrogen partial pressure is from 
100:0.01 to 100:20 and (iii) the ratio of the weight of 
the propylene converted to polymer in the first polymeriza
tion zone (A) to the weight of the ethylene converted to 
polymer in the further polymerization zone (C) is from 
100:5 to 100:40, and the resulting reaction product is 
likewise fed to the second polymerization zone (B).

DATED this 28th day of January 1988.
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