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- L .. CASE NO. BECL 7580(3222
7 AUSTRALIA i%
[BATENTS ACT 1990

- PATENT REQUEST/NQIICE OF ENTITLEMENT

. We BP CHEMICALS LIMITED v
17 swfﬁ' ' ' e )
of Belgrave House, 76 Buckingham Palace RoadT‘ London, SWIW OSU,
ENGLAND . . . ; '

e .
being the App11cant and Nomlnated Eerson, request the grant of a

patent for an invention entitled, GAS/PHASE POLYMERISATION PROCESS
which is- descr1bed in the accompanylng stgndard complete

spec1f1cat10n

S

.Conyentxon pr10r1ty is clalmed from the follow1ng basxc appllcatlon

7

.BASIC APPLICfxTION APPLICATION COUNTRY  COUNTRY
 APPLICANT NUMBER DATE ’ CODE
R S : o o _

BP Chemicals SNC. 90 11053? » 3lst August 1990  France FR

=l

André MARTENS, Frederic Robert Marie Michel MORTEROL and Charles
RAUFAST are the actual inventors of “the invention.
& ¢ a

‘The inventors made the invention for and on behalf of BP Chemicals
S.N.C. i

-in the course of their duties as employees of BP Chemicals
and BP Chemicals Limited is entitled to the grant of a patent
for the invention by virtue of an agreement dated 23rd December, 1983

S.N.C.

K between BP Chemicals Limited and BP Chemicals S.N.C.

. i
The basic application was the first application made in. a Convehf'

country in respect of the invention the subject of this request.L}

Our address for service is: GRIFFITH HACK & CO

71 York Street
SYDNEY, NSW 2000

SRy

Aftorney Code: GH ?

DATED this lst day of August, 1991
/ BP CHEMICALS LIMITED

Keith Warwick-BENBIGH
' “= " by Power ofi Attorney
22 /02791 P
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Claim

1. A continuous process for the polymerization of
C,-C;, alpha-olefin in a gas phase polymerization reactor,
the process comprising contacting a gaseous reaction
mixture, containing the alpha-olefin to be -polymerized,
with a catalyst system of the Ziegler-Natta type
consisting of a solid catalyst comprising at least one
compound of a transition metal belonging to groups IV, V
or VI of the Periodic Table of the Elements and a
cocatalyst comprising at least one organometallic
compound of a metal belonging to groups II or III of the
Periodic Table of the Elements, wherein the
polymerization reactor is fed with alpha-olefin at a
constant rate and the partial pressure of the
alpha-oilefin in the polymerization reactor can vary
freely. . :

5. A process as claimed in any one of the preceding
claims wherein a chain limiter is introduced into the
polymerization reactor and the ratio of the partial
pressure of the chain limiter to the partial pressure of
alpha-olefin is kept constant.

/2



(11) AU-B-83499/91 -2-

(10) 644011 L E
| .-10. A process as claimed in any one of the preceding
claims wherein the catalyst is a catalyst of the Ziegler-
Natta type based on magnesium, halogen and at least one

" transition metal selected from titanium, wvanadium and
- zirconium. - :
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COMPLETE SPECIFICATION
STANDARD PATENT

Invention Title: GAS PHASE POLYMERISATION PROCESS

The following statement is a full description of this invention, including the best
method of performing it known to us:
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Case 7580/B222 - (2)

N
% * The present invention relates to an alpha-olefin

polymefization process carried out in a gas phase polymerization

reactor fed with alpha-olefin and with a catalyst based on a

transition metal.
{)

It is known to polymerize continuously one or more
alpha-olefins, such as for example ethylene or propylene, in the
gas phase, in a reactor with a fluidized and/or mechanicall*
agitated bed, in the presence of a catalyst based on a tranéition
metal belonging to groups IV, V or VI of the Periodic Table of the
elements, in particular in the presence of a catalyst of the
Ziegler—Naﬁta type. The polymer particles which are being formed
are kept in the fluidized and/or agitated state in a gaseous
reaction mixture containing the alpha-olefin or alpha-olefins
which are introduced into the reactor. The catalyst is introduced
continuously or intermittently into the reactor while the polymer
constituting the fluidized and/or mechanically agitated bed is
withdrawn from the reactor, again continuously or intermittently.

Generallly, the gaseous mixture leaves through the top of the

reactos; and is recycled to the reactor through a recycle conduit
and a compressor. During this recycling the gaseous mixture is
generally cooled with the aid of a heat exchanger so as to remove

the heat produced during the polymerisation reaction.

7
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It is known, according to EP-A- -376 559 to carry out a
gas: phase polymerlzatlon process by maintaining substantially
constant certain operating conditions. This is an example: of the
knbwn processés in which the partial pressures‘of thé main
cbnstiﬁuants oF the gaseous reaction mixturé as well as the total
pressure of this gaseous reaction mixture are maintained constantv

However in thls case it has been found, that small variations in

‘;;the progress of the polymerization can cause an unexpected

increase in the quantity of heat evolved by the polymerization

reaction. These small variations in the polymerization conditions

can result especially from slight unavoidable variations in the

-quality of the catalyst or of the alpha -olefins employed in the

reaction, or from variations in the feed rate of the catalyst or
withdrawal rate of the polymer produced,; the residence time of the
polymer in the reactor or else the composit}pn of the gaseous
reaction mixturea”Thése variations in the ﬁ;ogress of the
polymerization are particularly troublesome in a gas phase
polymerization procésswas compared with a slurry or solution
polymefization process, because of the fact that the heat exchange
capacity of a gas phase is much lower than that of a liquid phase.
Thus, an increase in the quantity of heat which cannot be removed
sufficiently rapidly and efficiently by the gaseous reaction
mixture can give rise to the appearance of hot spots in the bed
and to the formation of agglomerates caused by molten polymer.
When hot spots appear in the bed, it is generally too late to
prevent the formation of agglomerates. Nevertheless, if the
reaction conditions are corrected sufficiently early, for example,
if the polymerization temperature or else the rate of feed of the
catalyst into the reactor is reduced the detrimental effects of
superactivation, can be limited. Such action can reduce the amount
and size of the agglomerates formed to a certain extent, but it
will not be possible to prevent a fall, in the production and
quality of the polymer manufactured during this period. As a

result, it is generally accepted that if it is desired to avoid

“these disadvantages, the polymerization conditions should be
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chosen with a safety margin such that hot spots and
R ‘agglomerates are unlikely to form. However, operating
under such conditions leads either to a substantial loss
of production or to a deterioration” in the quality of the

5  polymer manufactured.

. The variations in the pfg’gress of the poljmerization
are of particular concern ‘,Jg:hen using a highly active
catalyst, the polymerization activity of which can vary

“ quite considerably for very small bva_;:iations in the
10 ~ amount of impurities in - the polymefigation medium. .
Known highly active catalysts include cat;g.}alysts of the
Ziegler-Natuta type based on magnesiur’fi,": halogen and
titanium, vanadlu\m or z1rcon11.un Suc’h varlatlons can

i

. also occur when using comonomers capabJ.e of activating
15' valpha-olefln polymerization, especially in the case of
the ' copolymerization of ethylene with alpha-olefins
containing from 3 to 8 carbon atoms (Polymer Science
USSR, vol. 22, 1980, pages 448-454). y
| A gas .phase alpha- olefin polymerization process has
20 now been found which makes it possible to avoid or~ “at
least mitigate the aforementioned disadvantages.. In
particular, the process  enables polymers to be
manufactured contirnuuously w:'{.(, h a high productivity and a

wfy uniform quality which process is able to ,6 accommodate
vene 25° small variations in the progress of the pfo"lymerization
SR without the formation of agglomerates.
:::E.f The present invention provides a continuous process
":g" for the polymerization of C,-C,, alpha-olefin in ra gas
$he phase fiolymerization reactor, the process comprising
;'»:‘:: 30 contacting a gasec;ﬁs reaction mixture, containing the
e alpha-olefin to be polymerized, with a catalyst system of
ge e, N the Ziegler-Natta type consisting of a solid catalyst
f..::: comprising at least one compound “of a transition metal
.:’:.. belonging to groups IV, V or VI of the Periodic Table of
:;f;:: 35 the Elements and a cocatalyst comprising at least one
:'-...E organometallic compound of a metal belonging to groups II

or III of the Periodic Table of the Elements, wherein the
polymerization reactor is fed with alpha-olefin at a
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In the present invention, it is generally accepted

that a rate is constant if it does not vary by more than 5 %,

o preferadly by not more than 2 %, and that a ratio of two
Quantities.is constént if it does not vary by more than 10 ¥,
5 preferably by not more than 5 X%. »
G According to the preésent invention, the gas phase
‘polymerlzatlon reaction must be carried out in a reactor which is
fed with alpha-olefin at a constant rate, as a result of which
~ there are variations in the total pressure of the gaseous reaction
oo, 10 - ‘mixture.and/or the partial pressure of alpha-olefin in the
.:::.: E poiﬁmerization reactor It is fdund that the process of . the
R ':.‘: 5 1nvent10n permlts efficient regulation of the polymerization
‘ seoe ' reactlon. irrespective of the variations in the progress of the
E.f.:‘ S oolymerlzatlon. thereby avoiding the formation of hot spots and
u,q:.::¢; 15 agglomerates. Thus it is observed that a rise or fall in this
| ~ quantity of hegp is automatically counteracted respectively by a
fall or rise iﬁ>the partial pressure of alpha-olefin. More
' particularly, it has also been found that the polymerization rate
5}-»@% is regulated by variations in the partial pressure of alpha-olefin
‘..:.‘w 20 when. slight fluctuations occur in the quality of the constituents
ot ‘ of the gaseous reaction mixture or the catalyst. One of the
3:'::0_ advantages of the process is the ability to produce polymer
without undue cornicern for the formation of hot spots and
fé‘ Lf "aggIOmerétes due tc unavoidable variations in the progress of the
°:'::°;é\ 25 polymerization. In view of the pressure variations in the- gaseous
' : reaction mixture, another advantage of the process is the ability
to mgnufacture polymers of an uniform quality. Another advantage
of the process is that the polymerization is directly regulated by
-means of the feed rate of alpha-dlefin. Advantageously the latter
30 is kept constant during the polymerlzatlon with the aid of a flow

i regulatlng systen.

‘Accordlng to the process of the invention, the total
pressure of the gaseous reaction mixture is most frequeéently
between 0.5 and 5 MPa, preferably between 1.5 and 2.5 MPa, and can

35 vary freely, preferably with maximum variations of less than
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0.3 MPa and in most cases -of the order of 0.1 MPa. However, for
general safety reéé%ns, this pressure of the gaseous mixture does
not generally exceed a predetermined maximum pressure which
depends essentially on the reactor used. The latter can
advantageously be vented as soon as the pressure of the gaseous
feaction mixture reaches this maximum pressure. Furthermore, the
pressure of the gaseous reaction mixture is preferably kept above
a predetermined minimum pressure which must permit a minimum and
sufficient removal of the heat evolved by the polymerization. When
the polymerization is carried out in a fluidized bed reactor, this
minimum pressure must also permit a sufficient fluidization
velocity to ensure a good fluidization of the polymer particles
forming in the fluidized bed. The pressure of the gaseous reaction
mixture can be kept above the minimum pressure by introducing an
inert gas having a good heat exchange capacity,ﬁguch as nitrogen,

into this gaseous mixture. Said inert gas can be introduced with

" the aid of a pressure control device. The gaseous reaction mixture

generally contains a variable volume of iiert gas ranging from 10
to 60 %.

Acéording to the process of the invention, the partial
pressure of alpha-olefin can also vary freely. However, in order
to limit the amount of gas in the polymerization reactor, the
partial pressure of alpha- olefin most frequently represents at
most 60 % and preferably 40 % of the maxiﬁgm pressure of the
gaseous reaction mixture. Furthermore, in order to avoid an
excessive reduction in the heat exchange cépacity of the gaseous
reactidn mixture and an excessive reduction in the polymerization
rate and the production of the polymer, the partial pressure of
alpha-olefin generally represents at least 10 % and preferably at
least 20 % of the minimum pressure of the gaseous reaction
mixture. When the pressure of alpha-olefin becomes too low or too
high, it is modified by using known means for increasing or
reducing the polymerization rate, for example by varying the

amounts of catalyst and cocatalyst present in the polymerization

353 reactor.



0 de

o @
ae ¢
'...
LA ]
oo
e
L XXX}
L X ) ..
¢ e
o fe
e L]
e o9

[

XXX XX

L ] .
oo 0D

LA L]

\

10

15

20

25

30

35

[l/' .

}Apgrt from the alpha-olefin to be polymerized, the
gaseoué reactisn~mixture can contain a chain limiter such as, for
example, hydrogen It 1s preferably 1ntroduced into the
polymerlzatlon reactor at a rate which makes it possible to keep
the ratlo of the partial pressure of chain limiter to the partial
pressure of alpha-olefin constant. This ratio is advantageously
kept constant by means of a regulating system which controls the
rate. of 1ntroductlon of chain-limiter. It is generally less than 3
and most frcquently between 0.2 and, 2.

The alpha-olefin can be polymerized with one or more
different alphqaoleflns having from 2 to 12 carbon atoms, which
aré heréinafter‘called comonomers and are used in smaller amounts.
A comonomer can be introduced into che polymerization reactor at a
constant rate. However, to produce”a polymer of constant density,
a.comonomer is preferably introdiiced into the polymerization
reactor at a rate which enables the ratio of the partial pressure
of comonomer to the ppartial pressure of alpha-olefin in the _
gaseous reaction mixture to be kept constﬁnt This ratio is
advantageously kept constant by means of a regulating system which
controls the rate of introduction of comonomer. This ratio is
generally less than 1 and most frequently between 0.05 and 0.5.

The catalyst system used in the process comprises a
solid catalyst containing at least one transition metal compound
and, if appropriate, a granular support based on a refractory
oxide such as silica or alumina. The solid catéiyst can consist of
magnesium, a halogen such as bromine or chlorine, titaniﬁﬁﬁand/or
vanédium and/or zirconium. - :

Advantageously, the solid catalyst can be used in the
form of a prepolymer. The conversion to a prepolymer is generally
effected by bringing the catalyst into contact with one or more
alpha-olefins in an amount such that the prepolymer contains
between 0.002 and 10 millimol of transition metal per gram.
Moreover, these components are brought into contact in the
presence of an organometallic compound of a metal belonging to
group II or III of the Periodic Table of the elements, in an
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amouht such that the molar ratio of the amount of metal in said
organometallic compound to the amount of transition metal is

between 0.1 and 50, preferably between 0.5 and 20. The solid

‘catalyst, used direct or after a prepolymerization step, is

ihtroduced into the polymerization reactor continuously or

intermittently and most frequently at a constant or substantially

. constant rate.

The cocatalyst used is an organometallic compound
identical to or different from that used in the prepolymerization
step. It is generally selected from,organocaluminium, organozinc or
organomagnesium compounds. The cocatalyst can be introduced into
the polymerization reactor together with the catalyst and/ or
separately from the catalyst. The amount of cocatalyst used
separately from the catalyst can be introduced into the
polymerization reactor at a constant or substantially constant
rate. Alternatively it can be introduced at a rate which enables
the molar ratio of the amount of metal in the cocatalyst
introduced separately from the catalyst to the amount of
transition metal in the catalyst to be kept constant in the
polymerization reactor. This ratio can advantageously be kepﬁ
constant by means of a regulating system which controls the rate
of introduction of the cocatalyst. This ratio is generally less
than 5 and most frequently between 1 and 2.

The polymerization is carried out continuously in a
gas phase polymerization reactor, which can be a reactor with a
fluidized and/cr mechanically agitated bed, by techniques known

per se and using equipment such as that described in French patent

.n° 2 207 145 or French patent n° 2 335 526. The process is

particularly suitable for very large industrial reactors.
Generally, the gaééous'reaction mixture leaves through the top of
the reactor and is reé&ciedito the reactor through a recycle
conduit and a compressor. During this recycling the gaseous
mixtq;e is generally cooled with the aid of a heat exchanger so as

to remove the heat produced during the polymerisation reaction.
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. The polymerization reaction is generally carried out at a

temperature of between O and 120°C.

The process is suitable for the polymerization of one

-~ or more alpha-olefins containing from 2 to 12 carbon atoms, in

_particular for the polymerization of ethylene or propylene. It is

particulqr}y suitable for the copolymerization of ethylene with at

least one alpha-olefin contaiﬁing from 3 to 12 carbon atoms, or

- for the” copolymerization 6f'propy1ene with at least one alpha-

olefin containing from 4 to 12 carbon étoms and, if appropriate,
withgethylene and/or an unconjugated diene. The gaseous reaction
mixture can contain hydrogen and an inert gas selected for example
from nitrogen, methane, ethane, propane, butane, isobutane. When a
fluidized bed reactor is used, the fluidization velocity of the
gaseous reaction mixture passing through the fluidized bed is
preferably from 2 to 8 times the minimum fluidization velocity,
i.e. generally from 20 to 80 cm/s. The polymer manufactured is
withdrawn from:the polymerization reactor continuously or
intermitt%ntly and, preferably, at a constant rate.

According to the present invention a condition of the
process can be kept constant at a predetermined value by means of
a process control computer which is connected to means of control
capable of maintaining the condition at the predetermined value.
This conditicn can be a ratio between to partial pressures. It can
be also the molar ratio between of the amount of metal in the
cocatalyst introduced into the reactor sepérately from the
catalyst, to the amount of transition metal in the catalyst.

The present invention is illustrated below with

reference to the drawing, which is a schematic representation of a

fluidized bed polymerization reactor suitable for use in the
present invention. -

The drawingmschematically shows a fluidized bed gas
phase polymerization regctor (1) consisting essentially of a
vertical cylinder (2) surmounted by a disengagement chamber (3)
and provided jn its lower part with a fluidization grid (4) and

with a rec;ﬁiing line (5) connecting the top of the disengagement
e
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chamber to ‘the lower part of -the reactbr. located under the
fluidization grid, said recycling line being equipped with a heat
exchangér (6), a compressor (7) and feed lines for ethylene (8),
butene (9); hydrogen . (10) and nitrogen (11). The reactor is also

equipped with a prepolymér feed line (12) and a withdrawal line

"*(13). This reactor operates in such a way: that the flow rate of

ethylene entering the system via the line (8) is constant.

The examples below illustrate the present invention.
Example 1 :

Manufacture of a high-density polyethylene

The operatiéh waé carried out in a fluidized bed gas
phase polymerization reactor such as that shown schematically in
the drawing, which consisted of a vertical cylibder 45 cm in
diameter and 6 m in height.

Above the fluidization grid, the reactor contained a
fluidized bed kept at 95°C, which had a height of 2 m and
consisted of 100 kg of a high-density polyethylene powder in the
process of being formed. A gaseous reaction mixture containing
ethylene, but-1-ene, hydrogen, nitrogen and ethane, the pressure
of which was allowed to vary between 1.95 and 2.05 MPa, - passed
through this fluidized bed with an ascending fluidization velocity
of 0.50 m/s.

A catalyst identical to that described in Example 1 of
French patenﬁ n’ 2 405 961 was ihtrcduced intermittently with time
into the reactor ; said catalyst contained magnesium, chlgtine and
titanium and had been converted beforehand to a prepolymer |
containing 25 g of polyethylene per millimql of titanium and an
amount of tri-@-octylaluminium (TnOA) such that the molar ratio

Al/Ti was equal to 1.00 * 0.05, and consisting of particles with a

30 \\weight-average diameter of 200 microns. The rate of introduction

35

of the prepolymer into the reactor was kept constant at 195 g/h.
During the polymerization, ethylene was introduced

into the reactor at a regulated and constant rate of 25 kg/hour,

hydrogen was introduced so as to keep the ratio of the partial

pressure of hydrogen to the partial pressure of ethylene constant
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= at 0.75 in the ééseous reaction mixture, and buEml -ene was
'1ntroduced so as to keep the ratio of the partlal pressure of but-

1-ene to the parfxal pressure of ethylene constant at 0.02 in the

gaseous ‘reaction mlxture

Under these condltlons 25 kg/h of a polyethylene was

" produced whlch had a specific gravity of 0.960, a melt flow index,

measured at 190°C under a load of 2 kg, of 7 g/10 minutes and a

titanium content of 15 ppm,- and which consisted of particles with

_a weight- average, diameter of 990 microns. It was observed over

severalddays of continuous polymerization that the production of
rolymer remained constant at 25 kg/h, without the formation of
agglomerates, and that the quality cf the h1gh density

polyethylene manufactured by this process remalned constant and

very satisfactory, despite variations in the polymerization

cdpditionsvand especially despite the random variations in the
activity of the catglyst and the unpredictable and not easily

detectable fluctuations in the impurities brought in by the

“ethylene, the but-l-ene and the other constituents of the geseous

reaction mixture,

: i :

Manuiac;uxn_ni_a_linﬂax_lQu_dgnsixx_nnlxnxhxlnna

The operation was carried out in a fluidized bed gas

phase polymerization reactor such as that shown schematically in

the drawing, which consisted of a vertical cylinder 90 cmﬁin
diameter and 6 m in height. Above the fluidization grid, ﬁhe
reactor contained a fluidized bed kept a£h80°C. which had a height
of'§§§§ m and consisted of 450 kg of a linear low-density
polyethylene powder in the process of being formed. A gaseous
reaction mixture containing ethylene, but-1-ene, hydrogen,
nitrogen and ethane, the pressure of which was allowed to vary
freely between 1.95 and 2.05 MPa, passed through this fluidized
bed with an ascending fluidization velocity of 0.50 m/s.

) A catalyst identicasl to that described in Example 1 of
French patent n° 2 405 961 was introduced intermittently with time

into the reactor : said catalyst contained magnesium, chlorine and

{7
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titanium and had been converted beforehand to =& prepblymer

convalnlng 40 g of polyethylene per m1111mol of titanium and an

i
-« amount -of trl-n-optylalumlnlum (TnOA) such that the molar ratio

Al/Ti was equal tB}O 80 + 0.05, and consisted of particles with a
weight-average diameter of 230 mlcronsf The rate of introduction
of;the prepolymer into the reactor was kept constant at 700 g/h.

During thé polymerization, ethylene was introduced
into the reactor at a regulated and constant rate of 100 kg/hour,
hydrogen was introduced so as to keep the ratio of the pressure of
hydrogen to the partial pressure of éthylene constént at 0.45 in
the géséous reaction mixture, and but-l-ene was introduced so as
to keep the ratio of the partial pressure of but-l-ene to thg

partial pressure of ethylene constant at 0.20 in the gaseous“

_reaction mixture. 40.25 millimols per hour of triethylaluminium

was also introduced into the reactor at a constant rate. B
Under these conditions, 105 kg/h of a polyethylene waé
produced which had a specific gravity of 0.920, a melt flow index,
measured at 190°C under a load of 2 kg, of 1 g/10 minutes and a
titanium content of 8 ppm, and which consisted of particles with a
weight- average dlametev of 1200 microns. It was observed over
several days of contan\us polymerization that the production of
polymer remained constant at 105 kg/h, without the formation of
agglomerates, and that the quality of the linear low-density
polyethylene manufactured by this process remained constant and
very satlsfactory. despite variations in the polymerization
conditions and especially despite the random variations in the
activity of the catalyst and the unpredictable and not easily

detectable fluctuations in the impurities brought in by the

”ethylene. the but-1-ene and the other constituents of the gaseous

reactlon mixture.
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THE CLAIMS DEFINING THE INVENTION ARE AS FNLLOWS:

1. A continuous process'for the polymerization of
C2-Clé alpha-olefin in a gas phase polymerization reactor,
the process comprising contacting a gaseous reaction
mixture, containing  the alpha‘-'olefin to be polymerized,
with a catalyst -system of the Ziegler-Natta type

.consisting of ‘a solid catalyst comprising at least one

compouﬁd of a transition metal belonging to groups IV, V

‘or VI /of the Periodic Table of the Elements and a

cocatalyst comprising at \‘1east one organometallic
compound of a metal. belonging to groups II or III“of the
Periodic Table of the Elements, wherein | the
polymerization reactor is fed with alpha-olefin at a

‘ constant rate and ° the partial pressure  of the

alpha-olefin in the polymerization reactor can vary
freely.’ |
2. A process as claimed in claim 1 wherein the feed
rate of alpha-olefin is kept constant with the aid of a
flow regulating system.
3. A process as claimed in claim 1 or claim 2
wherein the _total pressure of the gaseous reaction

mixture does not exceed a predetermlned maximum pressure.

4. A process as claimed in any one of the precedlng
clalms wherein the total pressure of the gaseous reactlon
mlxture is kept above a predetermined minimum pressure.

5. A process as clalmed in any one of the precedlng
claims wherein;;a chain limiter ' is introduced into the

-polymerlzatlon reactor and the ratio of the partial

pressure of the chain llmlter to the partial pressure of
alpha- olefln is kept constant _

6. A _process as claimed in any one of the preceding
claims wherein a comonomer (as hereinbefore defined) is
introduced into the polymerization reactor at a rate
which enables the ratio of the partial pressure of

* comonomer to the partial pressure of alpha-olefin to be

kept constant in the gaseous reaction mixture.
7. A process as claimed in claim 6 wherein the
ratio of the partﬂel pressure of comonomer to the partial
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pressure

213 -

of alpha-olefin - is  kept ‘constant at a

predetermined value by means of ‘a process control

computer.

9.

A process as claimed in any oné;of.the preceding
claims wherein the catalyst  is introduced into the
:polymerization reactor continuously or intermittently at
a constant rate.

A process as clalmed in any one of the preceding

:clalms wherein an amount of cocatalyst is introduced into
the polymerization reactor, separately from the catalyst,

at a rate which enables the molar ratio of the amount of

metal " in

= catalyst

15

.20

25

30

catalyst
reactor.
- 10.

the cocatalyst introduced separately from the
to the amount of transition metal in the

,to\\be,‘kept constant in the polymerization

A process as claimed in any one of the preceding

claimqlwherein the catalyst is a catalyst of the Ziegler-
Natta type based on magnesium, halogen and at least one
transition metal selected from titanium, vanadium and
zirconium. '

11.

A process as claimed in any oné of the preceding

claims © wherein the ' catalyst is ‘introduced into the
polymerization reactor in the form of a prepolymer.

12.

A process as claimed in any one of the preceding

claims wherein the polymerization isg carried out in a

fluidized bed reactor under a- Uressure of 0.5 to 5 MPa
and at a temperature of between 0 and 120°C.

13.

A contlnuous process for the polymerization of

Cy-C;3 alpha- olefin substantlally as herein described with
reference to any Example and/or the accompanying drawing.

Dated 30th day of. Pugust 1993
BP CHEMICALS LIMITED

By its Patent Attorneys
GRIFFITH %5CK & CO.

P04185LV/429
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ABSTRACT

GAS PHASE POLYMERISATION PROCESS

A

Thé:prgseht‘invention relates to a continuous prOcesgﬁfor‘the
'polymefization of an alpha-olefin having from 2 to 12 carbon atoms,
‘whichbis carried out in a gas phase polymeriiation reactor by bringing
a gaéeous reaction mixture, c;ntaining the alpha-olefin to be
polymerized}‘into contact with a catalyst system of the Ziegler-Natta
type consisting oflﬁ solid cataiyst comprising at leaét one compound
‘of a transition met;l‘belonging to_gfoups IV, V or VI of the Periodic
Table, of the elements, and of a coéatafyst comprising at least one
‘organometallic‘compound of a metal belonging to groupé.II or III of
the Periodic Table in which the p¢1ymerization reactor is fed with

alpha-olefin at a constant rate.
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