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Method for purification of a hydrocarbon stream containing olefin and amine

Specification

The present invention relates to a method for purification of a hydrocarbon stream containing

linear alpha olefins, isomers thereof and at least one organic amine.

In the chemical industry, processes are often conducted resulting in an outlet stream product or a
feed stream to a process unit comprising hydrocarbons and amines. An example thereof is the
outlet stream from a reactor utilized for preparing linear alpha-olefins by oligomerization of eth-
ylene. The linear alpha-olefins produced are then separated into different fractions for further use
or marketing. Often, an amine is added during the oligomerization process or is added into a re-
actor outlet piping system. Such processes are, for example, disclosed in US 5,811,619 or WO
2009/095147. In,other processes, amines are utilized as corrosion inhibitors or for adjustment of

the pH value.

In many cases, it is difficult to remove the organic amine from the hydrocarbon stream or frac-
tions thereof by distillation as the boiling points of the amine and the hydrocarbon stream, and
especially fractions thereof, are very close. For example, n-dodecyl amine (DDA) is often added
in an oligomerization process which after the product fractionation finally ends up in the Cyy-
LAO-product fraction. The same is true for the addition of 2-ethyl-hexyl-amine which has a very

close boiling point to C¢-linear alpha olefins.

Due to the close boiling points of the amines, the linear alpha-olefins and its isomers, it was so

far assumed that the amines cannot be removed by distillation.

Several prior art is available disclosing that a simple conventional distillation is excluded for

separating mixtures of components having very close boiling points. Also azeotropic or extrac-
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tive distillation, which are well known in the state of the art, cannot be utilized for these pur-

poses, as no adequate azeotrope forming agent or extraction agent could be identified so far.

Thus, presently no commercially available method is known for the removal of an amine from a
respective hydrocarbon stream. The comparably high concentration of the amine in the product

stream complicates its removal.

As a consequence of this, in non-published European patent application 09 006 159.9, a method
for removal of an organic amine from a hydrocarbon stream has been developed wherein the
amine contained in the hydrocarbon stream is reacted with an acid and formed into an amine salt.

Subsequently, the amine-salt formed can be extracted into an aqueous phase.

However, this method results in plants with considerable investment cost under utilization of

acid-resistant materials of construction.

It was further found, that the hydrocarbon stream which is an outlet stream from a reactor for
preparing linear alpha-olefins (LAO), or a fraction thereof, contains amongst linear alpha-olefins
also isomers thereof, namely isomers having internal double bonds and/or branched isomers,
which also have to be separated from the desired linear alpha-olefins to improve the purity of the

LAO’s.

Separating a hydrocarbon stream by reacting the organic amine with an acid, as disclosed in EP
09 006 159.9, would keep such isomers in the hydrocarbon stream so that the quality of the lin-

ear alpha-olefins, the desired main product, is not significantly improved.

It is therefore an object of the present invention to provide a method for purification of a hydro-
carbon stream containing linear alpha-olefins, isomers thereof and at least one organic amine,
which overcomes the drawbacks of the prior art. Especially, a method shall be provided which

avoids the requirements of high investment costs and the use of acid-resistant materials of con-
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struction, as well as a method which also removes a significant amount of isomers from the de-

sired linear alpha-olefin end product.

This object is achieved by a method for purification of a hydrocarbon stream containing linear
alpha olefins, isomers thereof and at least one organic amine, the linear alpha olefins, isomers
and the amine having boiling points under atmospheric pressure which differ by at most 5°C,
comprising the step of removing a major amount of the organic amine from the hydrocarbon
stream by distillation, wherein the distillation is carried out to that, together with the amine, be-
tween 5% and 95 wt% of the isomers, based on the total amount of the isomers in the hydrocar-

bon stream, are removed from the hydrocarbon stream in an amine/isomer-rich fraction.

The amine/isomer-rich fraction may be in the overhead product or the bottoms product of the

distillation.

Preferably, the boiling points under atmospheric pressure of the linear alpha olefins, isomers

thereof and the organic amine differ by at most 3°C, preferably 0.5-3°C.

As a minimum 5 wt% of the isomers shall be preferably removed together with the amine. Pref-
erably approximately 80 % of the isomers shall be removed together with the amine. More pref-

erably approximately 95 % of the isomers shall be removed together with the amine.

More preferred, the distillation is carried out under atmospheric pressure.

In one embodiment, a distillation column is utilized for removing the major amount of the or-

ganic amine, preferably having from 50 to 100 theoretical trays.

Even preferred, the hydrocarbon stream contains as major constituent linear Cyo alpha olefins

and its isomers and/or linear C4 alpha olefins and its isomers.
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In one further preferred embodiment, the amine/isomer-rich fraction is further separated by re-
moving the organic amine contained therein by converting with an acid and forming an amine
salt, extracting the amine-salt formed into an aqueous phase, and optionally isolating the organic

amine.

Further, separation of the organic amine is preferably in a batch or continuous operation.

Even preferred is that the amine/isomer-rich fraction is recycled to a reaction section of an oli-

gomerization plant without prior separation.

Finally it is preferred that the isolated organic amine is recycled to a reaction section of an oli-

gomerization plant.

Surprisingly, it was found that the inventive method for purification of a hydrocarbon stream
containing linear alpha-olefins, isomers thereof and organic amine provides finally the possibil-
ity of significant removal of the amine and the isomers to improve the purity of the desired linear
alpha-olefin products. Further, the inventive method avoids the requirement of acid-resistant

materials of construction, as no acid for salt formation with the amine is necessary to be added.

For the present invention it is essential that by application of a conventional distillation step for
removal of the amine simultaneously a certain portion of the isomers is removed together with
the amine in the amine/isomer-rich fraction. As a result, the inventive method provides a hydro-
carbon product of linear alpha-olefins which can be marketed without any restriction due to its
amine content. Further, the inventive method allows easy and sufficient removal of the amine
from the hydrocarbon stream. Additionally, the costs for the amine utilized in respective chemi-
cal reaction processes can be considerably reduced, since the amine can be recovered and recy-

cled.
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It is assumed that the isomers contained in the hydrocarbon stream may act as an (internal) ex-
traction agent in the distillation step, resulting in an extractive distillation without the need to add

a specific external extraction agent.

This is especially true for a method for preparing linear alpha-olefins, as disclosed above,
wherein an organic amine is added into the oligomerization reactor and/or into a reactor outlet

piping system.

Thus, in a most preferred embodiment of the invention, the method for purification is advanta-
geously embedded in a method for preparing linear alpha-olefins (LAO) by oligomerization of
ethylene, preferably in the presence of solvent and catalyst, comprising the steps of feeding eth-
ylene into an oligomerization reactor, oligomerizing the ethylene in the reactor, removing a reac-
tor outlet stream comprising linear alpha-olefins from the reactor via a reactor outlet piping sys-
tem, optionally transferring the reactor outlet stream to a catalyst deactivation and removal step,
and optionally deactivating and removing the catalyst from the reactor outlet stream, wherein at
least one organic amine is added into the oligomerization reactor and/or into the reactor outlet
piping system. The reactor outlet stream or a fraction thereof can then be taken as the hydrocar-

bon stream in the present invention.

In this regard, it is preferred that oligomerization is carried out in the presence of a catalyst com-
prising a zirconium component and an organoaluminium component, preferably a zirconium
component having the formula ZrCls.n Xy, wherein X=OCOR or OSO3;R’ with R and R’ being
independently alkyl, alkene and phenyl, and wherein 0<m<4, and wherein the organoaluminium

compound is preferably Al(C2Hs)s, AL Cl3(C,Hs)s, AICI(C,Hs), or a mixture thereof.

The inventive method can be applied especially for LAO fractions which include respective
amines. Amines can be, for example, n-dodecyl amine which is then usually obtained in the C4-
product fraction, and 2-ethyl-hexyl-amine which is usually obtained in the C;o fraction of a frac-

tionated crude LAO oligomerization product.
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In a preferred embodiment, the amine contained in the amine/isomer-rich fraction can be re-
moved there from by reaction with an acid in a continuous mode or in a batch operation and can

then be recycled to the reaction section of a LAO plant.

Alternatively, the amine/isomer-rich fraction can be recycled to the reaction section of the LAO
plant without prior separation for minimization of the requirements of a fresh amine. In order to
avoid accumulation of isomers in the plant, a certain portion of that fraction has then preferably

to be purged from the plant.

Additional features and advantages of the inventive method will now become apparent from the

detailed description of a preferred embodiment.

An oligomerization of ethylene to result in linear alpha-olefins is carried out in a reactor utilizing
a catalyst comprising a zirconium component and an organo aluminium component, a process
which is well known in the art. Into the oligomerization reactor and/or into the reactor outlet pip-

ing system an organic amine is added, in the present example 2-ethyl-hexyl-amine.

Afier a first fractionation step of the LAO product from the oligomerization reactor a crude Cjq
fraction is obtained comprising 1-decene as main product, organic amine and numerous decene
isomers, such as internal and branched decenes. The crude Cq fraction has the following compo-

sition (in weight percent):

1-decene 90
Amine 3
Decene isomers 7

The crude Cq fraction is then routed to a distillation column with 70 theoretical trays, operating

at atmospheric pressure.
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The distillation is operated at stable stationary conditions so that a certain portion of the C,¢ iso-
mers can be removed together with the amine in the overhead product, depending on the individ-

ual specification required for marketing of the C,o product.

The distillation was carried out under atmospheric pressure for a specific time. Overhead product

and bottoms product were then analyzed to result in the following purities:

Overhead product Bottoms product
1-decene 22 97
Amine 25 1 wt ppm
Decene isomers 53 Balance

(Figures generally given in wt-%. Figure for amine is 1 wt ppm)

Thus, it has been proven that the amine can be removed from the Cjo fraction to an adequate
level, and, additionally, the purity of this product (bottoms product of the distillation) has been

improved to 97 weight percent.

Analysis of overhead product and bottoms product is possible by means well known in the art,
for example by gas chromatography. As is obvious for someone skilled in the art, analysis of the
fractions can be carried out at the end of the distillation process, or can be done by taking sam-
ples of the fraction during distillation, for example on an online basis. Thus, the end of the distil-
lation step can be fixed by the operator, i.e. when a desired amount of amine and/or isomers can

be detected in the overhead product.

The features disclosed in the foregoing description and 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

1. Method for purification of a hydrocarbon stream containing linear alpha olefins, isomers
thereof and at least one organic amine, the linear alpha olefins, isomers and the amine
having boiling points under atmospheric pressure which differ by at most 5°C, compris-
ing the step of removing a major amount of the organic amine from the hydrocarbon
stream by distillation, wherein the distillation is carried out so that, together with the
amine, between 5% and 95 wt% of the isomers, based on the total amount of the isomers
in the hydrocarbon stream, are removed from the hydrocarbon stream in an

amine/isomer-rich fraction of the distillation.

2. Method according to claim 1, wherein the boiling points under atmospheric pressure of
the linear alpha olefins, isomers thereof and the organic amine differ by at most 3°C,

preferably 0.5-3°C.

3. Method according to claim 1 or 2, wherein the distillation is carried out under atmos-

pheric pressure.

4. Method according to any of the preceding claims, wherein a distillation column is util-
ized for removing the major amount of the organic amine, preferably having from 50 to

100 theoretical trays.

5. Method according to any of the preceding claims, wherein the hydrocarbon stream con-
tains as a major constituent linear Cg alpha olefins and its isomers and/or linear C;4 alpha

olefins and its isomers.

6. Method according to any of the preceding claims, wherein the amine/isomer-rich fraction

is further separated by removing the organic amine contained therein by converting with
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an acid, forming an amine salt, extracting the amine-salt formed into an aqueous phase,

and optionally isolating the organic amine.

7. Method according to claims 6, wherein further separation of the organic amine is in a

batch or continuous operation.

8. Method according to any of the preceding claims, wherein the amine/isomer-rich fraction

is recycled to a reaction section of an oligomerization plant without prior separation.

9. Method according to claim 6 or 7, wherein the isolated organic amine is recycled to a re-

action section of an oligomerization plant.
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