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Method for preparing linear alpha-olefins with improved heat removal

The present invention relates to a method for preparing linear alpha-olefins (LAO) by oligomer-
izing of ethylene in the presence of a first organic solvent and a homogenous catalyst in a reac-

tor.

The oligomerization of ethylene using an organometallic catalyst is widely known in the art. The
oligomerization is highly exothermic so that reaction heat has to be removed from the reactor to

prevent a runaway.

DE 43 38 414 C1 discloses a method for the preparation of linear alpha-olefins, wherein polymer
grade ethylene is re-circulated to remove the reaction heat. Therefore, ethylene feed (having an
ethylene content of approximately 100% with minor amounts of impurities) is introduced into
the reactor at a lower temperature, and non-oligomerized monomeric ethylene is removed at a

higher temperature, cooled down and re-introduced into the reactor.

It was found that only about 3% of the ethylene feed is used in the oligomerization process,

wherein the remainder is utilized as cooling media. Ethylene is quite expensive.

Additionally, it was found that for sufficient heat removal the ethylene cooling cycle gas flow
rate has to be sufficiently high resulting in increased demands for equipment, piping, power con-

sumption, etc.

According to the state of the art, a typical overhead temperature of a reactor for the oligomeriza-
tion of ethylene to produce linear alpha-olefins is about 50°C, whereas the bottom temperature of
the reactor is about 60 to about 100°C. In this case, the cooling of the overhead is usually
achieved by means of cooling water, preferably utilizing a condenser. Based on these conditions
and the application of toluene as suitable solvent, a small amount of toluene is evaporized at re-

actor bottoms, flows upwards to the reactor overhead, is partly condensed and serves as internal
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reflux. This internal cycle contributes to the heat removal from the reactor only with a very small

percentage.

It is therefore an object of the present invention to provide a method for preparing linear alpha-
olefins by oligomerizing of ethylene which method overcomes the disadvantages of the prior art.
Especially, a method shall be provided showing an improved heat removal from the reactor, to-
gether with a significant reduction of cooling cycle gas flow rate, resulting in savings for equip-

ment, piping, power consumption, etc..

This object is achieved in that the reactor overhead temperature is cooled by means of a refriger-

ant.

Preferably, the temperature in the reactor overhead is held at about 15 to about 20°C, preferably

by a condenser.

More preferably, the refrigerant is propylene.

Additionally, the method may be carried out in the presence of at least one cooling medium
added to the reactor and condensing at the top of the reactor and re-evaporating at reactor bot-

toms.

Preferably, the cooling medium is selected so that it substantially remains within the reactor

while operating the method.

In one also preferred embodiment, the cooling medium is selected from an inert second organic

solvent having a boiling point of at least about 120°C at atmospheric pressure.

The first organic solvent may be toluene.
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Preferably, the catalyst comprises a zirconium salt of organic acids and at least one organoalu-

minum compound.

It is proposed that the zirconium salt has the formula ZrCls..,Xmm, wherein X = OCOR or OSO;3R’
with R and R’ being independently alkyl, alkene or phenyl, and wherein 0 <m <4.

The at least one aluminum compound may be Al(C;Hs)s, AL Cl3(CyHs)s, AICI(C,Hs), or mix-

tures thereof.

Finally, the bottom temperature of the oligomerization reactor is between about 60 to about

100°C.

Surprisingly, it was found that cooling of the reactor overhead by means of a refrigerant, pref-
erably by a reduction of the reactor overhead temperature to about 15 to about 20°C significantly
increases the internal cooling cycle. Additionally, the high ethylene feed being so far essential
for heat removal, can be reduced, and thus the cooling cycle gas flow rate can be significantly

reduced. This further results in savings for equipment, piping, power consumption, etc..

In a preferred embodiment, an appropriate cooling medium can be further introduced into the
LAO reactor providing a further improved removal of the heat generated due to the exothermic
oligomerization process. The cooling medium which is to be introduced into the reactor, prefera-
bly injected, is selected so that the cooling medium may easily condensate at the top of the reac-
tor, but may be also easily re-evaporated at reactor bottoms. Further, the boiling point at atmos-
pheric pressure of the cooling medium is preferably selected in that it satisfactorily avoids the

discharge of the cooling medium from the reactor.

According to the inventive method a direct internal cooling may be achieved.
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The method of the present invention is now illustrated in detail.

Catalyst dissolved in a suitable solvent, such as toluene, is fed to an oligomerization reactor. Ad-
ditionally, ethylene is supplied to the reactor, and a cooling medium may be also provided for
introduction therein. The cooling medium is selected so that it may easily condensate at the top
of the reactor, but may be also easily re-evaporated at reactor bottoms. In the reactor, ethylene is
oligomerized to obtain linear alpha-olefins. Especially, the oligomerization of ethylene is con-
ducted in the reactor, when the feed of ethylene bubbles through the mixture of solvent and cata-
lyst. The products of the oligomerization remain dissolved in the solvent. The temperature of the

reactor bottom is about 60 to about 100°C.

The temperature of the reactor overhead is held at about 15 to about 20°C, preferably by applica-
tion of a refrigerant, preferably utilizing a condenser. In this matter, the internal cooling cycle
within the reactor is significantly increased. From the reactor, a mixture of ethylene and light
alpha-olefins may be removed via the reactor overhead and may be collected in a separator. The
liquid obtained, comprising solvent and alpha-olefins, may be re-circulated into the reactor. The
part from the separator remaining gaseous may be further cooled in a cooling device to a tem-
perature of about 5°C and is then transferred into a second separator. In the cooling device the
cooling is adjusted so that olefins heavier than ethylene are liquefied. The linear alpha-olefins
obtained may then be further processed as is known in the art. Non-consumed ethylene may be,
in admixture with a fresh feed thereof, again introduced into the reactor. A liquid mixture com-
prising solvent, catalyst and linear alpha-olefins may be discharged from the reactor via a line

above the reactor bottom and may be further processed as known in the art.

The features disclosed in the foregoing description, in the drawing or in the claims may, both
separately and in any combination thereof, be material for realizing the invention in diverse

forms thereof.
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Claims

Method for preparing linear alpha-olefins by oligomerizing of ethylene in the presence of
a first organic solvent and a homogenous catalyst in a reactor, characterized in that the

reactor overhead is cooled by means of a refrigerant.

2. Method according to claim 1, wherein the temperature in the reactor overhead is held at

about 15 to about 20°C, preferably by a condenser.

3. Method according to claim 2, wherein the refrigerant is propylene.

4. Method according to any of the preceding claims, wherein the method is carried out in
the presence of at least one cooling medium added to the reactor and condensing at the

top of the reactor and re-evaporating at reactor bottoms.

5. Method according to claim 4, wherein the cooling medium is selected so that it substan-

tially remains within the reactor while operating the method.

6. Method according to claim 4 or 5, wherein the cooling medium is selected from an inert
second organic solvent having a boiling point of at least about 120°C at atmospheric

pressure.

7. Method according to any of the preceding claims, wherein the first organic solvent is

toluene.

8. Method according to any of the preceding claims, wherein the catalyst comprises a zirco-

nium salt of organic acids and at least one organoaluminum compound.
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9. Method according to claim 8, wherein the zirconium salt has the formula ZrCls.;Xm,
wherein X = OCOR or OSO;R’ with R and R’ being independently alkyl, alkene or

phenyl, and wherein 0 <m <4.

10. Method according to claim 9, wherein the at least one aluminum compound is Al(C;Hs)s,

AL Cl3(CyHs)s, AICI(C,Hs), or mixtures thereof.

11. Method according to any of the preceding claims, wherein the bottom temperature of the

oligomerization reactor is between about 60 to about 100°C.
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