‘United States Patent o

Mineshima et al.

4,692,501
Sep. 8, 1987

['11] " Patent Number:
[451 Date of Patent:

[54] - PROCESS FOR CONTINUOUS
MULTI-STAGE POLYMERIZATION OF
OLEFINS

[75] Inventors: Hideo Mineshima; Harnyuki Koda,
: both of Ohtake; Ryoichi Yamamoto,
Yamaguchi, all of Japan

[73] - Assignee: Mitsui Petrochemical Industries,

Ltd., Tokyo, Japan
[21] Appl No.: 761,330
[22] Filed: Jul. 31, 1985

Related U.S. Application Data
[63] Continuation of Ser. No. 556,899, Dec. 1, 1983, aban-

doned.

[30] Foreign Application Priority Data
Feb. 6, 1982 [JP]  Japan .......enicinen 57-92999
[51] Imt. CLA .ocirrnrnirerenne COSF 2/14; CO8F 6/24
[52] US. CL ..cccivivivnnniineinernsinnens 526/65; 526/351;
526/352; 526/901; 525/53; 528/498; 422/134
[58] Field of Search ................. 526/65, 901, 351, 352;
528/498; 422/132, 134; 525/53

[56] References Cited

U.S. PATENT DOCUMENTS

3,347,955 10/1967 Renaundo ......ccovemsivoraecnenns 422/134

4,053,697 10/1977 Asada et al. ... . 5287498 X

4,187,278 2/1980 Clifford ........... .. 526/65 X
4,368,291 '1/1983 Frese et al. ....ccccvveeeeernrennanns 525/53
4,492,787 1/1985  Takashima et al. ............ 422/134 X
FOREIGN PATENT DOCUMENTS
0040992A1 12/1981 European Pat. Off. ......cccce. 526/65

Primary Examiner—Joseph L. Schofer
Assistant Examiner—F. M. Teskin
Attorney, Agent, or Firm—Sherman and Shalloway

[57] ABSTRACT
In a process for producing an olefin polymer which
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comprises continuously polymerizing an olefin in the
presence of a catalyst composed of a transition metal
compound component and an organometallic. com-
pound component in at:least two independent polymeri--
zation zones connected: in series by -a pipeline-while -
feeding the olefin and the catalyst into an-upstream zone
of polymerization and withdrawing the resulting poly-
mer from a downstream zone of polymerization; the
improvement wherein

(1) the polymerization in the upstream polymeriza-
“tion zone is carried out in a liquid medium under
conditions for slurry polymerization,

(2) the solid polymer-containing slurry discharged
from the upstream polymerization zone is fed into a
liquid medium exchanging zone through an upper
feed opening (A) in its upper portion, said liquid
medium exchanging zone being provided between
the upstream polymerization zone and the down-
stream polymerization zone and connected to these
zones by pipelines, and an additional supply of the
liquid medium is fed into said exchanging zone
through a lower feed opening (B) in the lower
portion of said exchanging zone,

(3) the discharge flow from an upper discharge open-
ing (C) in the exchanging zone above the upper
feed opening (A) is recycled to the upstream poly-
merization zone, and the discharge flow from a
bottom discharge opening (D) in the exchanging
zone below the lower feed opening (B) is fed into
the downstream polymerization zone, and

(4) the amount of the liquid medium in the discharge
stream from the bottom discharge opening (D) is
adjusted to 1 to 8 times the volume of the additional
liquid medium fed from the lower feed opening (B),
and thus the precipitated solid polymer is dis-
charged from the bottom discharge opening (D)
while it is concurrent with, and in contact with, the
liquid medium from the lower feed opening (B).

9 Claims, 1 Drawing Figure
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PROCESS FOR CONTINUOUS MULTI-STAGE
POLYMERIZATION OF OLEFINS

This applicaﬁon is-a continuation, of application Ser.
No. 556,899, filed Dec. 1, 1983, now abandoned.

BACKGROUND OF THE INVENTION

.. This invention relates to an improvement in a‘process
for producing an olefin polymer which comprises-con-
tinuously polymerizing an olefin in the presence of a
catalyst composed of a transition metal.compound com-
ponent and an organo-metallic compound component in
at least two independent polymerization zones con-
nected in series by a pipeline while feeding the olefin
and the catalyst into an upstream zone of polymeriza-
tion and withdrawing the resulting polymer from a
downstream zone of polymerization.

In:the present application, the term “polymerization”
is used to denote both homopolymerization and copoly-
merization, and the term ‘“‘polymer”, to denote both a
homopolymer and a copolymer. SRR

More specifically, the present invention relates, in the
aforesaid process, to the improvement wherein

(1) the polymerization in the upstream polymeriza-
tion zone is carried out in-a liquid medium under condi-
tions for slurry polymerization,

(2) the solid polymer-containing slurry discharged
from the upstream ‘polymerization zone is fed into a
liquid medium exchanging zone through an upper feed
opening -(A) in its upper portion, said liquid medium

—
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the polymerization in the downstream zone. In the prac-
tice -of this process, the unreacted olefin, a molecular
weight controlling agent such as hydrogen, catalyst
ingredients “such as organoaluminum- compounds or
electron-donors, etc. which the solid polymer-contain-
ing slurry from the upstream polymerization zone may-
contain are entrained in a feed flow to the downstream
polymerization zone and affect the polymerization in
the downstream - polymerization = zone. -Frequently,
therefore, it is difficult to prescribe the desired polymer-

ization conditions in- the downstream: polymerization :. .

zone. Furthermore, in-actual operations, the residence
times of the individual catalyst particles in the polymeri-
zation zone€ are difficult to control to a nearly constant -
value, and are substantially different. This means that
there is-a distribution in the residence times of the cata-
lyst particles. Such a difference tends to result in_de-
grading or varymg the quahty of the resultmg polyole-
fin, "

The present inventors made extensive investigations
in order to-develop an improved: process ‘which can
overcome the aforesaid technical problems of the-con-

. tinuous - multi-stage polymerization of ‘olefins.” These

25

exchanging zone being provided between the upstream .

polymerization zone and the downstream polymeriza-
tion zone and connected to these zones by pipelines, and
an additional supply of the liquid medium is fed into said
exchanging zone through a lower feed opening (B) in
the lower portion of said exchanging zone,

(3) the discharge flow from an upper discharge open-
ing (C) in the exchanging zone above the upper feed
opening (A) is recycled to the upstream polymerization
zone, and the discharge flow from a bottom discharge
opening (D) in the exchanging zone below the lower
feed opening (B) is fed into the downstream polymeriza-
tion zone, and )

(4) the amount of the liquid medium in the discharge
flow from the bottom discharge opening (D) is adjusted
to 1-to 8 times the volume of the additional liquid me-
dium fed from the lower feed opening (B), and thus the
precipitated solid polymer is discharged from the bot-
tom discharge opening (D) while it is concurrent with,
and in contact with, the liquid medium from the lower
feed opening (B).

The process for producing an olefin polymer is gener-
ally known which comprises continuously polymeriz-
ing an olefin in the presence of a catalyst in at least two
independent polymerization zones connected inseries
by a pipeline while feeding the olefin and the catalyst
into an upstream zone of polymerization and withdraw-
ing the resulting polymer from a downstream zone of
polymerization.

When the polymerization in the upstream polymeri-
zation zoneis carried out in a liquid- medium under
shurry polymerization conditions: in performing such a

investigations have led to the discovery that the afore-
said technical problems can be overcome by performing
the continuous multi-stage - polymerization: of olefins
under the conditions satisfying a combination of the
parameters (1), (2), (3) and (4) described above; that the
desired polymerization conditions in the downstream
polymerization zone can be prescribed easily by using a
simple additional means and an easy operation; and that
an olefin polymer having an excellent and uniform qual-
ity can be produced with industrial advantage while
circumventing the undesirable effects of the polymeri-
zation conditions of the upstream polymerization zone.

. It has also been found that an-olefin polymer having the
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process for continuous multi-stage polymerization of

olefins, it-is the usual practice to feed-the solid polymer-
containing slurry discharged from the upstream poly-
merization zone, either as such or after concentrating it,
to the downstream polymerization zone and to continue

65

desired molecular weight distribution-and/or composi-
tion distribution can . be produced with good quality
reproducibility without any: undesirable variation in
these distributions.

Investigations of the present. inventors have shown

‘that the aforesaid excellent improvement can be

achieved- when . under-the conditions (1) and (3). de-
scribed above, the liquid medium exchange zone meet-
ing the condition (2) is provided, and the amount of the
liquid medium in the discharge flow from the exchang-
ing zone and the amount of the additional liquid me-
dium fed to the exchanging zone are specified in accor-
dance with the condition (4), theréby discharging the
precipitated solid polymer while it is concurrent with,
and in contact with, the additional liquid medium from
the exchanging zone.

Japanese Patent Publication No. 31227/1977 (pub-
lished on Aug. 13, 1977) proposes a technique of remov-
ing the defect that in performing one-stage slurry poly-
merization of propylene using propylene in the liquid
state as a liquid medium, the resulting polymer contains
large amounts of a boiling heptane-soluble polymer and
catalyst residues. This patent document discloses a pro-
cess for producing a-polymer or copolymer of propy-
lene, which comprises polymerizing propylene or copo-
lymerizing propylene with another unsaturated hydro-
carbon ‘monomer in liquid propylene as a liquid-me-
dium, contacting the polymer slurry withdrawn from a'
zone of said reaction countercurrently with liquid prop-
ylene. as an additional liquid- medium in a separately-
provided washing tower; separating and removing from
the polymer slurry the propylene polymer or copoly-
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mer dissolved in the slurry and the unreacted unsatu-
rated hydrocarbon monomer (mainly the liquid propy-
lene) containing the catalyst having residual activity,
and re-using a part or the whole of the unreacted unsat-
urated hydrocarbon monomer as a starting liquid for the
polymerization step. This patent document only refers
to one-stage slurry polymerization, and gives no de-
scription about multi-stage polymerization. Naturally,
therefore, it is silent on the aforesaid troubles in the
multi-stage polymerization. Particularly, it does not
state that the prescription of the desired polymerization
conditions in the downstream polymerization zone is
adversely affected by the polymerization conditions in
the upstream polymerization zone, much less any infor-
mation about means for eliminating such a trouble. In
other words, this patent document fails to give any
disclosure about the combination of the parameters (1)
to (4) in accordance with the present invention and any
information serving to lead to these parameters. On the
contrary, it only discloses conditions inconsistent with
the aforesaid combination of the parameters (1) to (4).
For example, this patent document teaches that it is
essential to contact the liquid propylene as an additional
liquid medium fed from the bottom of the washing
tower countercurrently with the polymer slurry with-
drawn from the polymerization zone and to feed it into
the upper portion of the washing tower.

SUMMARY OF INVENTION

Investigations of the present inventors have shown
that the aforesaid technical problems of the continuous
multi-stage polymerization of olefins can be advanta-
geously overcome by the continuous multi-stage poly-
merization of olefins under conditions which meet the
combination of the parameters (1), (2), (3) and (4), and
thus, there can be provided a markedly improved pro-
cess for continuously polymerizing olefins in a multi-
plicity of stages.

It is an object of this invention therefore to provide
an improved process for polymerizing olefins continu-
ously in a multiplicity of stages.

The above and other objects and advantages of this
invention will become more apparent from the follow-
ing description.

According to this invention, there is provided, in a
process for producing an olefin polymer which com-
prises continuously polymerizing an olefin in the pres-
ence of a catalyst composed of a transition metal com-
pound component and an organometallic compound
component in at least two independent polymerization
zones connected in series by a pipeline while feeding the
olefin and the catalyst into an upstream zone of poly-
merization and withdrawing the resuiting polymer from
a downstream zone of polymerization, the improvement
wherein

(1) the polymerization in the upstream polymeriza-
tion zone is carried out in a liquid medium under condi-
tions for slurry polymerization,

(2) the solid polymer-containing slurry discharged
from the upstream polymerization zone is fed into a
liquid medium exchanging zone through an upper feed
opening (A) in its upper portion, said liquid medium
exchanging zone being provided between the upstream
polymerization zone and the downstream polymeriza-
tion zone and connected to these zones by pipelines, and
an additional supply of the liquid medium is fed into said
exchanging zone through a lower feed opening (B) in
the lower portion of said exchanging zone,
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(3) the discharge flow from an upper discharge open-
ing (C) in the exchanging zone above the upper feed
opening (A) is recycled to the upstream polymerization
zone, and the discharge flow from a bottom discharge
opening (D) in the exchanging zone below the lower
feed opening (B) is fed into the downstream polymeriza-
tion zone, and

(4) the amount of the liquid medium in the discharge
stream from the bottom discharge opening (D) is ad-
justed to 1 to 8 times the volume of the additional liquid
medium fed from the lower feed opening (B), and thus
the precipitated solid polymer is discharged from the
bottom discharge opening (D) while it is concurrent
with, and in contact with, the liquid medium from the
lower feed opening (B).

The invention will be described in further detail
below with the aid of the accompanying drawing in
which

FIG. 1 is a schematic flow chart illustrating an em-
bodiment of the process of this invention.

DETAILED DESCRIPTION OF INVENTION

By performing the continuous multi-stage polymeri-
zation of olefins under the combination of parameters
(1) to (4) in accordance with the process of this inven-
tion, a fully grown solid polymer in the solid polymer-
containing slurry introduced from the upsiream poly-
merization, zone can be preferentially precipitated
toward the bottom of the liquid exchanging zone, and
the liquid medium from the upstream polymerization
zone containing factors which make it difficult to pre-
scribe the desired polymerization conditions in the
downstream polymerization zone, such as a fine pow-
dery solid polymer in the slurry which has not fully
grown, the catalyst which passes through the upstream
polymerization zone within a short time, the molecular
weight controlling agent, the liquid medium in the
slurry, and the soluble polymer or the unreacted olefin
dissolved in the medium, can be preferentially recycled
to the upstream polymerization zone.

According to the process of this invention, therefore,
it is possible to feed into the downstream polymeriza-
tion zone a flow which is composed mainly of a fully
grown solid polymer in the additional liquid medium
freshly fed into the exchanging zone and in which the
aforesaid factors are greatly reduced, i.e. a flow con-
trolled to the desired composition different from the
composition of the slurry from the upstream polymeri-
zation zone. As a result, the desired polymerization can
be carried out in the downstream polymerization zone
without being affected by the aforesaid factors includ-
ing the olefin, the molecular weight controlling agent
and the catalyst in the upstream polymerization zone.
Hence, an olefin polymer having the desired uniform
quality and the desired molecular weight distribution
and/or composition distribution can be produced with
good quality reproducibility without undesirable varia-
tions in these properties.

If, for example, while the parameters (1) to (3) are
satisfied but the amount of the liquid medium in the
discharge flow from the bottom discharge opening (D)
of the exchanging zone as set forth in parameter (4) of
the process of this invention is less than 1 times the
volume of the additional liquid medium fed from the
lower feed opening (B) of the exchanging zone, particu-
larly such an amount that the solid polymer-containing
slurry fed from the upstream polymerization zone
contacts the additional liquid medium countercurrently
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(namely, if the amount of the additional liquid medium
is large enough for the amount of the liquid medium in
the discharge flow), the preferential precipitation of the
fully grown solid polymer in the exchanging zone and
the preferential recycling of the undesirable factors of
the upstream polymerization zone which affect the
polymerization conditions in the downstream polymeri-
zation zone to the upstream polymerization zone cannot
substantially be achieved.

Various catalysts for olefin polymerization composed
of a transition metal compound component and an or-
ganometallic compound component are known, and can
be used in practicing the process of this invention.-

Compounds ‘of -transition metals such as titanium,
vanadium, chromium and zirconium are known -as the
transition metal compound component, and can be used
in this invention. They are either liquid or solid under
use conditions. ‘Furthermore, these transition -metal
compounds may be single compounds, ‘compounds
mixed with-or supported. on other compounds, or com-
plexes or double compounds with other compounds.

An example of a preferred transition metal compound
catalyst. component .is a highly active transition metal
catalyst component which can produce at least about
5,000, especially at least about 8,000 g, of an olefin poly-

5

~mer per millimole of the transition metal. A typical -

example is-a highly active titanium compound catalyst

component activated with a magnesium compound.

o - It may, for example, be a solid titanium compound
~catalyst - component containing - titanium, -magnesium

- and-halogen as essential ingredients which contains an’

amorphous magnesium-halide and has a specific surface
area of preferably at least about 40-m2/g, especially
preferably about 80 to about 800 m2/g. This highly
active" titanium compound catalyst component - may

further include an electron donor such as organic acid .

esters, silicic acid esters, acid halides, acid -anhydrides,

i~ ketones, acid amides, tertiary amines, inorganic acid
+7-~esters, phosphoric acxd esters, phosphorous acid ‘esters”
+:» and. ethers.

An -especially preferred species of the hlghly active
titanium compound catalyst component is one which
contains about 0.5 to about 15% by weight; espec1a11y
about 1 to about 8% by weight, of titanium and in
which the titanium/magnesium atomic ratio is from
about 4 to about 1/100, particularly from about } to

about' 1/50, the halolgen/titanium atomic ratio is from"

about 4 to about 100, particularly from about 6 to about
80, and the electron donor/titanium mole ratio is from 0
to about 10, particularly from 0 to about 6.

Many -transition- metal compound -catalyst- compo-
nents have been proposed and widely known, and in the
practice of the process of this-invention, they can be
used- by proper selection.

Various organometallic compounds as'the other'com-
ponent of the catalyst are known, and can be used in this
invention. - Usually, * organometallic compounds -in
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which metals of Groups I to.III of the periodic table are

directly bonded to carbon are used. Examples include
organic- compounds-of alkali metals, ‘organic com-
pounds of alkaline- earth metals, and-organoaluminum
compounds. - Specific - examples ‘include - alkyllithiums,
arylsodiums, - alkylmagnesiums, ~ alkylmagnesium ~ha-
lides, arylmagnesium halides, alkylmagnesium hydrides,
trialkylaluminums, dialkylaluminum monohalides, - al-
kylaluminums, sesquihalides, alkylaluminum dihalides,
alkylaluminum hydrides, alkylaluminum alkoxides, al-
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kylthium aluminums, and mixtures .of these. Of these,
the organoaluminum compounds are preferred.

In addition to the two catalyst components described
above, the use of other components to control streos-
pecificity, molecular weight, molecular weight distribu-
tion, etc. is known. Examples are electron donors such
as organic acid esters, 'silicic acid esters, alkoxysilanes,
carboxylic acid halides, carboxylic acid amides, tertiary
amines, acid anhydrides, ethers, ketones and aldehydes.
Halogenated hydrocarbons -may also be used together:
The electron donors may be used as a complex or ad-
duct with the organometallic compound component, or
a-complex or adduct with other compounds such as a .
Lewis acid(e.g., an aluminum trlhahde), prepared pl‘lOI‘
to the polymerization.

Examples of the olefin- which can be used in the poly-
merization ‘are ethylene, propylene, 1-butene,. 1-pen-
tene, 1-hexene, 1-octene, 1-decene, 4-methyl-1-pentene,
3-methyl-1pentene, styrene, butadiene, -isoprene, 1,4-
hexadiene, dicyclopentadiene,: and"5-ethylidene-2:nor- -
bornene.’ Preferably, by the process of this inyention,

“olefins having 2 to 8 carbon atoms are polymerized or

copolymerized, -or these -clefines. are ‘copolymerized
with dienes. -,

In the process of this inverntion; an olefin is polymer-
ized contmuously in the presence of the above-exempli-
fied catalyst in a multiplicity of steps under the condi-
tions meeting the parameters (1) to (4) above to produce
an olefin polymer.

According to the pararneter (), the-polymerizationin-
the upstream polymerization zone is carried out in‘a
liquid medium under conditions for slurry polymeriza-
tion.

The olefin itself to be submitted to the polymerization
may be used as the liquid medium under:- conditions

‘which maintain it liquid. Or an inert hydrocarbon ‘may

also be used as the liquid medium. Such liquid mediaare -
known, and can be properly selected for use in this
invention. Examples -of the liquid medium are’liquid
olefins and inert -hydrocarbons having-3-to 10 carbon -
atoms. Specific examples of the inert hydrocarbons are
propane, butane, pentane, isopentane, hexane, heptane,
octane, decane and kerosene. When the polymerization
in the downstream polymerization zone is carried out in
the vapor phase, the polymerization in the upstream
zone is preferably carried out in a solvent selected from
olefins having about 3 to-5 carbon atoms and inert hy- -
drocarbons.

Hydrogen may be caused to be present in the poly-
merization zone . in order to .control the molecular
weight of the polymer. In particular, when the same
olefin as in the upstream polymerization zone.is poly-
merized in the downstream polymerization zone; it is

-advantageous in. view of the activity of the catalyst to

prepare a polymer having a low molecular weight in the ~
upstream zone by using a molecular welght controlling
agent. ‘

The polymenzatlon temperature can: be varied prop-
erly depending upon the type of the olefin to'be poly-
merized. In the upstream polymerization zone, tempera-
tures at ‘which: slurry polymerization is possible ‘are

- employed. For example, the polymerization tempera:

ture is below the melting point of the olefin polymer,
preferably at least 10° C. lower than the melting point
and is within the range of from room ‘temperature to-
about 130° C., particularly from about 40° C. to about
110° C. The polymerization -pressure is, for example,
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atmospheric pressure to about 150 kg/cm?, preferably
about 2 to about 70 kg/cm?.

The catalyst is used preferably in such proportions
that per liter of the solvent, the amount of the transition
metal compound catalyst component is about 0.0005 to
about 1 millimole, particularly about 0.001 to about 0.5
millimole, as the transition metal atom, and the atomic
ratio of the metal of the organometallic compound com-
ponent to the transition metal is from about 1 to about
2,000, particularly from about 1 to about 500. Prefera-
bly, the electron donor component is used in an amount
of 0 to about 1 mole, particularly from 0 to about 0.5
mole, per mole of the organometallic compound cata-
lyst component.

The slurry polymerization is carried out substantially
continuously. Specifically, the catalyst ingredients, the
starting olefin, hydrogen and optionally an inert solvent
are continuously fed into the upstream polymerization
zone. These components are fed newly, and/or as a
recycle flow from the liquid medium exchanging zone.
The catalyst ingredients may be separately fed into the
polymerization zone as solutions or suspensions in inert
liquid media. Or prior to feeding into the upstream
polymerization zone, they may be preliminarily con-
tacted with each other in the presence or absence of a
small amount of an olefin.

Various known devices can be cited for use as the
upstream polymerization zone. The most typical one is
a tank-type polymerization apparatus equipped with an
agitator, which can be conveniently used in the present
invention.

The concentration of the slurry in the upstream poly-
merization zone is preferably about 50 to about 700
g/liter.

According to parameter (2) of the process of this
invention, the solid polymer-containing slurry in the
aboveexemplified concentration discharged from the
upstream polymerization zone is fed into an upper feed
opening (A) provided in the upper portion of a liquid
medium exchanging zone which is diSposed between
the upstream zone and a subsequent downstream poly-
merization zone and connected to these zones by pipe-
lines. Furthermore, an additional supply of the liquid
medium is fed into the exchanging zone from a lower
feed opening (B) provided in its lower portion.

Furthermore, according to parameter (3), a discharge
flow from an upper discharge opening (C) located
above the upper feed opening (A) is recycled to the
upstream polymerization zone, and a discharge flow
from a bottom discharge opening (D) of the exchanging
zone below the lower feed opening (B) is fed into the
downstream polymerization zone.

At this time, according to parameter (4) of the pro-
cess of this invention, the amount of the liquid medium
in the discharge flow from the bottom discharge open-
ing (D) is adjusted to 1 to 8 times, preferably 1.05 to 1.5
times, the volume of the additional liquid medium fed
from the lower feed opening (B). It is possible therefore
to control the process such that the solid polymer pre-
cipitated in the liquid medium exchanging zone is dis-
charged from the bottom discharge opening (D) while
it is concurrent with and in contact with, the additional
liquid medium from the lower feed opening (B).

If the amount of the liquid medium in the discharge
flow from the discharge opening (D) is less than 1 times,
particularly less than 0.5 times, the volume of the addi-
tional liquid medium from the feed opening (B), the
additional liquid medium ffom the feed opening (B) is

—

5

20

25

30

40

45

55

60

65

8

contacted substantially countercurrently with the solid
polymer-containing slurry fed from the feed opening
(A) in the exchanging zone. Consequently, substantial
mixing of the two occurs, and makes it impossible to
circumvent the domination of the prescribing of the
polymerization conditions in the downstream polymeri-
zation zone by the polymerization conditions’in the
upstream polymerization zone.’

The process of this invention should therefore meet
not only the parameters (1) to (3) but also the parameter
(4). Preferably, the amounts of these liquids are nearly
equal to each other. To avoid substantial mixing of the
additional liquid medium and the solid polymer-con-
taining slurry, an auxiliary means of adjusting the tem-
perature of the additional liquid medium to a point at
least about 20° C. lower than the temperature of the
slurry may be employed in addition to the parameter
(4). The temperature of the additional liquid medium is
preferably about 0 to 40° C.

Thus, according to the process of this invention,
while avoiding substantial mixing of the additional lig-
uid medium and the solid polymer-containing slurry fed
from the upstream polymerization zone, the liquid me-
dium of the slurry is discharged from the upper dis-
charge opening (C) and recycled to the upstream poly-
merization zone. For this reason, it is easy to prescribe
the -desired polymerization conditions in the down-
stream polymerization zone.

The additional liquid medium to be fed into the liquid
medium exchanging zone from its lower feed opening
(B) zone may, for example, be a liquid olefin or an inert
hydrocarbon preferably having 3 to 10 carbon atoms as
already exemplified with regard to the liquid medium in
the upstream polymerization zone. Preferably, the ole-
fin or liquid medium (or diluent) used in the down-
stream polymerization zone is selected as the additional
liquid medium. Preferably, the amount of the liquid
medium fed is adjusted to 0.2 to 10 times, particularly
0.5 to 5 times, the volume of the liquid discharged into
the liquid medium exchanging zone from the upstream
polymerization zone. An olefin gasified by the heat of
polymerization in the upstream polymerization zone
may be used as such a liguid medium after liquefying it
by cooling.

According to the process of this invention, the
amount of the liquid medium in the discharge flow from
the bottom discharge opening (D) of the liquid medium
exchanging zone is adjusted to 1 to 8 times, preferably
1.05 to 1.5 times, the volume of the additional liquid
medium fed from the lower feed opening (B) of the
exchanging zone, whereby the precipitated solid poly-
mer is discharged from the discharge opening (D) while
it is .concurrent with, and in contact with, the liquid
medium from the lower feed opening (B). When the
polymerization in the downstream polymerization zone
is carried out in the gaseous phase, the heat of polymeri-
zation can be removed by the gasification of the dis-
charge liquid. Hence, the amount of the discharge liquid
can also be carried out for this purpose.

The process of this invention markedly reduces the
likelihood that in the liquid medium exchanging zone,
the solid polymer-containing siurry from the upstream
polymerization zone countercurrently contacts, and is
mixed with, the additional liquid medium fed into the
exchanging zone from the lower feed opening (B). It is
possible therefore to prevent the polymer fed to the
downstream polymerization zone from the exchanging
zone from carrying excessive amounts of those compo-
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nents present in the upstream polymerization zone
which are not necessary for the downstream polymeri-
zation zone. Hence, the polymerization conditions in
the downstream polymerization zone can be prescribed
without being affected by the polymerization condi-
tions-in the upstream polymerization zone.

The polymerization in the downstream zone can be
carried out either in slurry or in the vapor phase. In
particular, the vapor phase polymerization brings about
such advantages as improved flowability and preven-
tion of blocking of the gas discharge system because
according to the process of this invention, the fine pow-
dery polymer is discharged from the liquid medium
exchanging zone and no substantial amount of it is con-
ducted to the downstream polymerization zone. Fur-
thermore, the heat of polymerization in the downstream
polymerization zone can be controlled easily by adjust-
ing the amount of the discharge liquid from the liquid
medium exchanging zone which is to be fed into the
downstream zone. In performing the vapor phase poly-
merization in the downstream zone, the polymer slurry
from the liquid medium exchanging zone is directly fed
into the downstream zone and the polymerization is
carried out after gasifying the liquid medium. Of course,
a part or the whole of the liquid medium may be gasified
prior to introduction into the downstream polymeriza-
tion zone, or the liquid medium may be concentrated in
advance.

; In addition to the desired olefin, the catalyst ingredi-
. ents may be freshly supplied to the downstream poly-
merization zone. But since the solid polymer formed in
-~ the upstream polymerization zone contains the catalyst,
- sufficient polymerization activity is observed without
adding a fresh supply of the catalyst ingredients. When
the polymerization in the downstream zone is to be
carried out in slurry, the same conditions -as described
above with regard to the: polymerization in the up-
- stream zone can be employed.
Furthermore, when the polymerization in the down-

..+ stream zone is to be carried out in the vapor phase, the

.--same polymerization conditions as in the slurry poly-
= merization can be employed except that known vapor-
phase polymerization ‘devices. such as a fluidized bed
reactor, an agitated and fluidized bed reactor and an
agitated reactor are used.

In the downstream polymerization zone, there can be
produced a polymer having a different molecular
weight or composition from the polymer produced-in
the upstream zone: An additional polymerization zone
may be provided upstream of the upstream polymeriza-
tion zone or downstream of the downstream polymeri-
zation zone. :

In one preferred embodiment of the present inven-
tion, a crystalline polymer or copolymer of propylene
or ethylene is produced in the upstream polymerization
zone by slurry polymerization, and a polymer or co-
polymer of propylene or ethylene having a different
molecular weight or composition is produced in the
downstream polymerization zone by vaporphase poly-
merization. In this case, a step of polymerizing or copo-
lymerizing propylene or ethylene in the vapor phase
may be provided downstream of the downstream poly-
merization zone:

Thus, the process of this invention can give a poly-
mer or copolymer having the desired properties.

FIG. 1 attached to this application shows a flow chart
of one embodiment of the process of this invention. The
upstream polymerization zone 11 is charged continu-
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ously with a catalyst composed of a transition metal
compound component and an organometallic com-
pound component from a pipeline 1 and an olefin from
a pipeline 2. The individual ingredients of the catalyst
may be separately fed by providing separate pipelines.
Or separate pipelines may be provided for feeding a
molecular weight controlling agent, a liquid medium,
etc. In the embodiment shown in the drawing, a liquid
olefin is used as the liquid medium.

The solid polymer-containing slurry which is a sus-
pension of the olefin polymer produced in the upstream
zone 11 in the liquid olefin is discharged from the bot-
tom of the upstream zone, and fed through a pipeline 3
into an upper feed opening (A) provided at the upper
portion of a liquid medium exchanging zone 12 con-
nected to the upstream zone 11 and the downstream
polymerization zone 13 through pipelines 3 and 6. In the
meantime, an additional supply of the liquid medium is
fed through pipeline 4 into the exchanging zone 12 from
a lower feed opening (B) provided in the lower portion
of the exchanging zone 12.

The discharge flow from the discharge opening (C)
above the feed opening (A) is recycled to the upstream
polymerization zone 11 through a pipeline 5, and a
discharge flow from a bottom discharge opening (D)
located below the lower feed opening (B) is fed into the
downstream polymerization zone 13 through the pipe-
line 6. As required, the desired olefin may be fed into
the downstream zone 13 through a pipeline 7'. Further-
more, as required, the catalyst, the molecular weight
controlling agent, etc. may further be supplied. In the
meantime, the resulting polymer is withdrawn from the
bottom of the downstream zone 13 through a pipeline 7.

When the liquid medium exchanging zone is designed
in a tower type, the positions of the lower feed opening
(B) and the upper feed opening can be properly se-
lected. Preferably, it is so designed that the inside diam-
eter R of the tower has the following relation to the
distance (height) h; from the upper feed opening (A)
and the upper discharge opening (C), the distance
(height) h; from the lower feed opening (B) to the upper
feed opening (A) and the distance (height) h3 from the
bottom-discharge (D) to the lower feed opening (B).

h1R=0.8-5.0:1
ho:R=0.8-8:1
h3:R=0.8-5:1

A part of the recycleflow from the upper discharge
opening (C) may, if required, be removed out of the
system through a line 5'. The residence time of the solid
polymercontaining  slurry in the - liquid medium ex-
changing zone is preferably about 10 to about 300 sec-
onds, especially preferably about 30 to about 120 sec-
onds.

The following examples illustrate the present inven-
tion more specifically.

EXAMPLE 1

A polymerization apparatus of the type shown in
FIG. 1 was used.

A first polymerization vessel (upstream zone) 11 hav-
ing a capacity of 130 liters was charged with 0.5 mmo-
le/hr, as titanium atom, of a titanium catalyst compo-
nent composed of titanium tetrachloride and diisobutyl

- phthalate supported on magnesium -chloride, 25 mmo-
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les/hr of triethyl aluminum and 5 mmoles/hr of ethyl
silicate from a pipeline 1 and 30 kg/hr of propylene and
hydrogen (3.5 mole % based on the gaseous phase) from
a pipeline 2, and propylene was polymerized continu-
ously in slurry at 70° C. and 30 kg/cm? with an average
residence time of 1 hours. The polymer slurry with-
drawn from a pipeline 3 consisted of 25 kg/hr of poly-
propylene and 40 kg/hr of propylene. The polymer
slurry was fed into an exchanging tower 12 (inside di-
ameter 120 mm; the total height from (C) to (D) 1050
mm) through a feed opening (A) provided at a height of
800 mm ((A)-(D)). In the meantime, liquid propylene as
an additional liquid medium maintained at 40° C. was
introduced at a rate of 35 kg/hr into the exchanging
tower 12 through a feed opening (B) provided at a
height of 200 mm ((B)-(D)).

Through an upper discharge opening (C) at the top of
the exchanging tower 12, a discharge flow was recycled
to the first polymerization vessel 11 at a rate of 35 kg/hr

as propylene through a pipeline 5. The recycle flow .

contained a small amount of fine powdery polypropyl-
ene. Meanwhile, a polymer slurry composed of 40
kg/hr of propylene and 25 kg/hr of polypropylene was
discharged from a bottom discharge opening (D) at the
bottom of the exchanging tower through a pipeline 6.
The amount of the liquid medium in the discharge flow
from the discharge opening (D) was 1.14 times the vol-
ume of the additional liquid medium fed from the feed
opening (B). The average residence time of the polymer
particles in the exchanging tower 12 was about 90 sec-
onds. The resulting polypropylene had a melt index of
45 g/10 min., and contained 98.5% by weight of a n-
heptane-insoluble portion and less than 0.7% by weight
of a fine powder having a particle diameter of less than
200 microns. The polymer slurry was subsequently
introduced into a second polymerization vessel (down-
stream polymerization zone) 13 where propylene was
polymerized in the vapor phase at 80° C. and 17
kg/cm? with an average residence time of 1.5 hours.
Polypropylene having a melt index of 4.5 g/10 min. and
a weight average molecular weight/number average
molecular weight ratio of 8.0 was obtained at a rate of
42.5 kg per hour. The proportion of polypropylene
having a particle diameter of less than 200 microns was
only 0.7% by weight.

COMPARATIVE EXAMPLE 1

Example 1 was repeated except that the slurry was
not recycled to the first polymerization vessel from the
exchanging zone. Polypropylene having a melt index of
5.5 g/10 min. and a weight average molecular weight-
/number average molecular weight ratio of 7.2 was
obtained at a rate of 45 kg per hour. The proportion of
a fine powdery polymer having a particle diameter of
less than 200 microns was 21% by weight.

What is claimed is:

1. In a process for producing an olefin polymer which
comprises continuously polymerizing an olefin in the
presence of a catalyst composed of a transition metal
compound component and a organometallic compound
component in at least two independent polymerization
zones connected in series by a pipeline while feeding the
olefin and the catalyst into an upstream zone of poly-
merization and withdrawing the resulting polymer from
a downstream zone of polymerization; the improvement
wherein

(1) the polymerization in the upstream polymeriza-

tion zone is carried out in a liquid medium selected
from the group consisting of liquid olefins and inert
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12
hydrocarbons having 3 to 10 carbon atoms under
conditions for slurry polymerization,

(2) a solid polymer-containing slurry is discharged
from the upstream polymerization zone and is fed
into a liquid medium exchanging zone through an
upper feed opening (A) in the upper portion
thereof, said liquid medium exchanging zone being
provided between the upstream polymerization
zone and the downstream polymerization zone and
connected to these zones by pipelines, and an addi-
tional supply of liquid medium selected from the
group consisting of liquid olefins and inert hydro-
carbons having 3-to 10 carbons atoms is fed into
said exchanging zone through a lower feed opening
(B) in the lower portion of said exchanging zone,

(3) a discharge flow from an upper discharge opening
(C) in the exchanging zone above the upper feed
opening (A) is recycled to the upstream polymeri-
zation zone, and a discharge flow from a bottom
discharge opening (D) in the exchanging zone
below the lower feed opening (B) is fed into the
downsiream polymerization zone, and

(4) the amount of the liquid medium in the discharge
flow from the bottom discharge opening (D) is
adjusted to 1 to 1.5 times the volume of the addi-
tional liquid medium fed from the lower feed open-
ing (B), and thus a precipitated solid polymer is
discharged from the bottom discharge opening (D)
while the same is concurrent with, and in contact
with, the liquid medium from the lower feed open-
ing (B).

2. The process of claim 1 wherein the amount of the
liquid medium in the discharge flow from the bottom
discharge opening (D) is adjusted to 1.05 to 1.5 times
the volume of the additional liquid medium fed from the
lower feed opening (B).

3. The process of claim 1 wherein the polymerization
in the downstream polymerization zone is carried out in
the vapor phase.

4, The process of claim 1 wherein the temperature of
the additional liquid medium is at least about 20° C.
lower than the temperature of the solid polymer-con-
taining slurry.

5, The process of claim 1 wherein the temperature of
the additional liquid mediuvm is in the range of from
about 0° to 40° C.

6. The process of claim 1 wherein the liquid medium
exchanging zone is a tower having an inside diameter R
and wherein the ratios of the height h; from the upper
feed opening (A) to the upper discharge opening (C),
the height h; from the lower feed opening (B) to the
upper feed opening (A) and the height h; from the bot-
tom discharge opening (D) to the lower feed opening
(B) are as follows:

h1:R=0.8-5.0:1
hy:R=0.8-8:1
h3:R=0.8-5:1.

7. The process of claim 1 wherein the liquid medium
in each of the upstream and downstream polymerization
zones is a liquid olefin.

8. The process of claim 1 wherein the liquid medium
in each of the upstream and downstream polymerization
zones is an inert hydrocarbon having 3 to 10 carbon
atoms.

9. The process of claim 1 for homopolymerizing or
copolymerizing olefins having 2 to 8 carbon atoms or

copolymerizing said olefins with a diene.
* * * * *



