-1- Method for preparing |inear alpha-olefins with inproved heat renoval
The present invention relates to a nethod for preparing |inear

al pha-ol efins (LAO by oligoner- izing of ethylene in the presence of a
first organic solvent and a honpgenous_gcatalyst in a reac- tor. The

ol i goneri zation of ethylene using an organonetallic catalyst is widely
known in the art. The oligonerization is highly exothermc so that
reaction heat has to be renoved fromthe reactor to prevent a runaway. DE
43 38 414 A discloses a nethod for the preparatlon of linear
al pha- ol ef i ns, Methade popanig linearalpha-jolefing yrith roved heat remaoval o r enove
the reaction heat Therefore ethylene feed (having an ethylene content of
approximately 100% wi th m nor amounts of inpurities) is introduced into

the reactor at a |lower tenperature, and non-oligonerized nononeric ethylene
I's renategdraenwinvéitphaelatsnperméthod forquepaihgdimear apha-vkfing (LAD) bedligomer-t he
reactor. It was found that onl bout 3% of the ethglene feed is used in
the ol igagef Falenein Hiegrressce ohAdHeh FTERHE SPYFRh et NATEOGROPY SRy HSn AgGRY- ng
medi a. hyl ene is quite expensive. Additionally, it was found that for
sufficient heat renoval the ethylene cooling cycle gas flow rate has to be
sufficiently high resulting in increased demands for equi pnent, piping,
power con- sunption etc. According to the state of the art, a typical
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of 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



the reactor is about 60 to about 100C. In this case, the cooling of the
overhead is usually achieved by neans 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 bottons, flows upwards to the réactor overhead, is partly condensed
and serves as internal -2- reflux. This internal cycle contributes to the
heat renoval fromthe reactor only with a very snall percentage. It is
therefore an object of the present invention to provide a nmethod for

preparing |Linear alpha- olefin | 12 1By b1 gvitkhd edry smialiod
over c B ?h’é lﬁlﬁeg’ﬁbjg%ﬁ? 8%’29‘51{)%?§%qﬁ%iegl%%‘tgreﬁgﬁla&%éﬁrg?‘gl ly, S]a net hoé shal |
be prgg}cgﬂg Showing an inproved heat renoval fromthe reactor, to- gether
W th SI gn%fi cant reduction of cooling cycle gas flowrate, resulting in
savings for equip- nent, piping, power consunption, etc.. This object is
achieved in that the reactor overhead tenperature is cooled by neans of a

refriger-, ant. hent BRERIGH trRovide hrethed GrgreparagHiedr dlphdrel d
at abgUF t&%reioée g%?&%{:gg@& r ef gr ably by Ig condenser,, re gr eﬁftglr abl()%/mt he
ref r i gRsfARMbyi digpmepyingrod cthadetictwinala mephod: gverqaspss dbe fliggdyaatagss i e PEOt *in
the presence of at |e one coal ing. ' St LOMENE fERR HeOfeadde] to-
conderfispesiallt, at‘ﬁ%tht’%ﬁﬁ%# be ﬁ?vr“ge%csg’é?g”%%{ #‘g@ré’gg‘ggr at iaﬁg. at reactor bot-
toms. 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.



Preferably, the cooling nediumis selected so that it s [ [
within the reactor while operating the method. In one ;P:gagﬁ;?glyeaenalns
enbodi ment, the cooling mediumis selected froman inert second organic

sol vent having a boiling point of at Least about 120C at atnospheric
pressure. The first organic solvent rdy be toluene. -3- Preferably, the
catal yst conprises a zirconiumsalt of organic acids and at |east bne
organoal u- m num conpound. It is proposed that the zirconiumsalt has the
formula ZrCl4_. Xm wherein X = OCOR or OSGBR wth R and R being

| NAePBRACIMY Yin8lck i feedaidOand 3
1 ih8lckMlyst BbBAS s zikdeaiurh salead ovfagiceacidand atrieast one D lu
one g’ieum nu#h corr_pOLYnd ma)s/ be Al (C2H5) 3, Alzigla3(C2H5)3, AlC (CZHS;%ng? Lfi-St
t ur esmirve emhpousidnal 'y, the bottom tenperature of the oligomerization
reactor is between about 60 to about 100C. Surprisingly, it was found that
cooling of the reactor overhead by nmeans of a refrigerant, pref- erably b
a reduction of the reactor overhead tenperature to about 15 to_abouyt 0C Y
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in apreferred enbo t, an appropriate cooling nmediumcan be further

The at least one aluminum compound may be Al(CyHs)s, ALCl3(CoHs)s, AICKC;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.



LAO reactor providing a further inproved renmoval of the heat generated due
to the exothermc oligomerization process. The cooling mediumwhich is to
be introduced into the reactor, prefera- bly injected, is selected so that
t he cooling nmediumnmay easily condensate at the top of the reac- tor, but
may be also easily re-evaporated at rélact or bottons. Further, the b0|Iin
point at atnpos- pheric pressure of the cooling mediumis preferably °
selected in that it satisfactorily avoids the discharge of the coolin
medi um from t he reactor According to the inventive nethod a direct )
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yst dissolved in a suitable solvent,
such as toluene, is fed to an oligonerization reactor. Ad- ditionally
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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.



al pha-ol efins may be renoved via the reactor overhead and may be col |l ected
in a separator. The |iquid obtained, conprising solvent and al pha-ol efins,
may be re-circulated into the reactor. The part fromthe separator
remai ni ng gaseous may be further cooled in a cooling device to a tem
perature of about 5C and is then transferred into a second separator. In
the cooling device the cooling is adjusted so that ol efins heavier than
ethylene are liquefied. The |inear €@lgiha-ol efins obtained may then be
further processed as is known in the art. Non-consuned ethyl ene may be, in
adm xture with a fresh feed thereof, again introduced into the reactor. A
i qui d ni, X MG PrepRiting lingr alphy-eifins badhdonstrizagadf kihgeae ithpp@sakedi ns may
be discharged fromthe reactor via a line above the reactor bottom and may
be further ,;H9CE5886 BRcHNNa iHdrioBencak tcatalhle if @atati®s whiefolrl aRefbattor t he
foregoi ng description, in the drawng or in the clains may, both

separ at el y ,althali%s AMeddTREASLE § RerlifG iR OfhardoRrined i@rtha hd hpée@td iaithg t he
invention in diverse forns thereof. -5- Clainms 1. Method for preparing

| i near a'pﬁ%@ﬁlg%ﬁﬂﬁdﬂﬁkﬁl&gﬁqgﬁé¢i”g of ethylene in the presence of a
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first organic solvent an onbgenous catalyst in a reactor, wherein the
reactor overhead is cooled by neans of a refrigerant, characterized in
that the tenperature in the reactor overhead is held at 15 to 20C. 2.
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a condenser.

3. Method according to claim 1 or 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 120°C at atmospheric pressure.

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

toluene.



3. Method according to claim1 or 2, wherein the refrigerant is propyl ene.
4. Method according to any of the preceding clains, wherein the nethod is
carried out in the presence of at |east one cooling nmediumadded to the
reactor and condensing at the top of the reactor and re-evaporating at
reactor bottons. 5. Method according to claim4, wherein the cooling nedium
is selected so that it substan- tially remains within the reactor while
operating the nethod. 6. Method according to claim4 or 5, wherein the

cool i ng gmegehd b oRBhERIRY of IHRPr&Bdihp 8latms, HMBERAKhOEAAN CoMmPiveAlzitBAVI Ng a
boiling point of at |least 120C at atnospheric pressure. 7. Method

according ﬁlﬁm?sgiif oggrg%}gtg ﬁcgg?%ﬁﬁcyt %st%@k%noa%ﬁiﬁ%%&n@@uﬁdl rst organic sol vent

is toluene. according to any of the preceding clains,
wherein the catal yst conprises a zirco niumsalt of organic acids and at
| east one organoal um num conpound. 9. Method according to claim8, wherein

the zircon] alt has the.f | a.Zr Cl4 X e = OS8R
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11. Met hod according to any of the preceding clains, wherein the bottom

t enper at ur Bheg¥l, pmewheseindsBri 2at i on reactor is between 60 to 100C

10. Method according to claim 9, wherein the at least one aluminum compound is A1(C;Hs);,

Al Cl3(CyHs)s, A1C1(C,Hs), or mixtures thereof.

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

oligomerization reactor is between 60 to 100°C.



