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Method for deactivation of an organometallic catalyst and reactor system therefore

Description

The present invention relates to a method for deactivation of an organometallic catalyst utilized

in a catalyzed process and a reactor system therefore.

Organometallic catalysts are widely utilized in homogenously and heterogenously catalyzed

processes, such as the oligomerisation of ethylene, to obtain linear alpha-olefins.

For example, DE 43 38 414 C1 discloses a process for the production of linear alpha-olefins by
oligomerizing of ethylene in the presence of an organic solvent and a homogenous catalyst. This
process is carried out in an empty tubular reactor providing an outlet stream comprising solvent,
catalyst, dissolved ethylene and linear alpha-olefins. As further activity of the catalyst in equip-
ment parts following the process reactor shall be avoided, the catalyst has to be deactivated
within a very short time period. This deactivation may be achieved according to the prior art by

the addition of water, alcohol or fatty acid.

Additionally, DE 198 07 226 Al discloses a process for deactivation of a catalyst wherein the
active catalyst is mixed with a solution of a metal hydroxide in a protonic solvent, to quench the

catalyst.

The methods for deactivation of an organometallic catalyst known in the prior art show the dis-
advantages that they require costly materials of construction, especially if caustic and water are

applied, and also generate substantial amounts of inorganic wastes.

It is an object of the present invention to provide a method for deactivation of an organometallic

catalyst utilized in a homogenously catalyzed process, which method overcomes the disadvan-
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tages of the prior art, especially providing a method avoiding cost intensive extraction systems

and deactivation compounds together with substantial amounts of waste.

It is a further object of the present invention to provide a reactor system for carrying out the in-

ventive method.

This object is achieved in that the catalyst-containing outlet stream of a process reactor is sub-

jected to a temperature of at least 160°C in a heating device.

Surprisingly, it was found that the organometallic catalyst utilized in a homogenously catalyzed
process may be irreversibly deactivated by thermal treatment of the catalyst at a temperature of

at least 160°C. Preferably, the catalyst is rapidly heated to that temperature.

Utilizing the method according to the present invention, cost-intensive extraction systems, such
as caustic/water, are completely eliminated. Further, the waste generated is minimized and the

catalyst components may be recovered.

Of course, the inventive method is applicable to all homogenously catalyzed reactions, such as
oligomerization of ethylene, oxosynthesis and liquid phase polymerization, however its use in

the oligomerization of ethylene is preferred.

Preferably, the catalyst comprises a zirconium salt of organic acids and at least one organoalu-

minum compound.

More preferably, the zirconium salt has the formula ZrCly.n X, wherein X=0COR or OSO;3R’
with R and R’ being independently alkyl, alkene or phenyl, and wherein 0 <m <4.
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In one embodiment, the at least one aluminum compound is Al(C;Hs)s, Al;Cl3(C;Hs); or
AICI(C,Hs)s.

Most preferably, the heating device is a thin film evaporator or a heat exchanger and a flash

drum.

Further, the outlet stream may comprise solvent, catalyst, dissolved ethylene and linear alpha-

olefins.

In this regard, the solvent may be selected from toluene, benzene and heptane, wherein toluene

being preferred.

Further, it is preferred that the deactivated catalyst is separated from the outlet stream.

More preferably, the residence time of the catalyst-containing outlet stream in the heating device

is from about 1 millisecond to about 1 minute.

Additionally, the object is achieved by a reactor system for catalyzed processes comprising a
reactor and a heating device connected thereto to heat a catalyst-containing outlet stream of the

reactor to a temperature of at least 160°C.

Finally, it is preferred that the heating device is a thin film evaporator or a heat exchanger and a

flash drum.

Additional features and advantages of the inventive method will become apparent from the fol-
lowing detailed description of an exemplary embodiment of the inventive method in the process

of oligomerisation of ethylene.
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In the process of oligomerisation of ethylene to obtain linear alpha-olefins ethylene is oligomer-
ized in a reactor in the presence of a solvent and a homogenous organometallic catalyst. From
the oligomerisation reactor is preferably taken via a first line a mixture of ethylene and light al-
pha-olefins, together with some toluene which has been used as solvent. Via a second line a lig-
uid mixture of toluene, catalyst, dissolved ethylene and linear alpha-olefins is discharged. To
avoid further activity of the catalyst in the equipment parts following the oligomerisation reactor,
it is essential to deactivate the catalyst as soon as possible. According to the inventive method
this is achieved by subjecting this catalyst-containing outlet stream from the oligomerisation
reactor to a temperature of at least 160°C in a heating device. Preferably, such a heating device
may be a thin film evaporator or a heat exchanger and a flash drum which are able to heat the
outlet stream rapidly to the desired temperature. At this temperature, the active catalytic compo-

nents contained in the outlet stream are irreversibly destructed.

Thus, the inventive reactor system comprises a reactor and a heating device connected thereto, so
that the catalyst-containing outlet stream from the reactor may be transferred into the heating
device to heat the outlet stream to a temperature of at least 160°C. Most preferably, the residence

time of the outlet stream in the heating device is from about 1 millisecond to about 1 minute.

It was found that the linear alpha olefins also present in the outlet stream are stable in a tempera-
ture range of 60 to about 300°C, so that the treatment of the outlet stream at a temperature of at

least 160°C is not detrimental for the linear-alpha olefins to be obtained.

After heat treatment in the heating device, the outlet stream now containing deactivated catalyst
components may be further processed according to the prior art processes, i.e. the catalyst com-
ponents may be separated from the outlet stream and the linear alpha-olefins may be fraction-

ated.

The features disclosed in the foregoing description or in the claims may, both separately and in

any combination thereof, be material for realizing the invention in diverse forms thereof.



WO 2007/016997 PCT/EP2006/005647

Claims

1. Method for deactivation of an organometallic catalyst utilized in a catalyzed process,
characterized in that a catalyst-containing outlet stream of a process reactor is subjected

to a temperature of at least 160°C in a heating device.

2. Method according to claim 1, wherein the process carried out in the process reactor is the
homogenously catalyzed oligomerization of ethylene, an oxosynthesis or a liquid phase

polymerization.

3. Method according to claim 2, wherein the process is the oligomerization of ethylene.

4. Method according to claim 3, wherein the catalyst comprises a zirconium salt of organic

acids and at least one organoaluminum compound.

5. Method according to claim 4, wherein the zirconium salt has the formula ZrCly.nXm,
wherein X=OCOR or OSO3;R’ with R and R’ being independently alkyl, alkene or

phenyl, and wherein 0 <m <4.

6. Method according to claim 4, wherein the at least one aluminum compound is Al(C;Hs)s,

AlzCl(Csz);; or AlCl(Csz)z.

7. Method according to any of the preceding claims, wherein the heating device is a thin

film evaporator or a heat exchanger and a flash drum.

8. Method according to any of the preceding claims 3 to 7, wherein the outlet stream com-

prises solvent, catalyst, dissolved ethylene and linear alpha-olefins.
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10.

11

12.

13.

Method according to claim 8, wherein the solvent is selected from toluene, benzene and

heptane, wherein toluene being preferred.

Method according to any of the preceding claims, wherein the deactivated catalyst is

separated from the outlet stream.

. Method according to any of the preceding claims, wherein the residence time of the cata-

lyst-containing outlet stream in the heating device is from about 1 millisecond to about 1

minute.

Reactor system for catalyzed processes comprising a reactor and a heating device con-
nected thereto to heat a catalyst-containing outlet stream of the reactor to a temperature

of at least 160°C.

Reactor system according to claim 12, wherein the heating device is a thin film evapora-

tor or a heat exchanger and a flash drum.
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